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ABSTRACT

Equations are presented which describe the fully cavitat

ing flow of fluid past a flat plate hydrofoil running below a

free surface. Transverse gravity field effects are included

in the analysis. The equations are developed by the use of

complex function theory and Tulin's double-spiral-vortex cavity

model. Two FORTRAN IV computer programs have been developed

to evaluate the equations. Features and use of these programs

are discussed, and program listings are presented in the appen-

dix.
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LIST OF SYMBOLS

All coefficient, see Eqs. 22, 24

A1 2  coefficient, see Eqs. 23, 2E.

B1  coefficient independent of gravity, see Eqs. 22, 26
1coefficient dependent on gravity, see Eqs. 22, 28

B2  coefficient independent of gravity, see Eqs. 23, 27

B coefficient dependent on gravity, see Eqs. 23, 29
2G

CD drag coefficient, see Eq. 52

CL lift coefficient, see Eq. 52

d submergence depth

D drag

e 2.71828... = base of natural logarithms

F Froude number, see Eq. 4

g acceleration of gravity

GIc(t) gravity effect of cavity on plate, see Eqs. 30, 32

G1 s(t) gravity effect of free surface on plate, see Eqs. 30, 33

G2 c(t) gravity effect of cavity on wI, see Eqs. 38, 40

G2s(t) gravity effect of free surface on wI, s,e Eqs. 38, 41

G3c(t) gravity effect of cavity on y, see Eqs. 44, 45

G3s(t) gravity effect of free surface on , see Eqs. 44, 46

14(t) solution to homogeneous Hilbert problem

i imaginary unit = (-1)1/2

Ic  integral related to CD, CL; see Eq. 56

Im( ) imaginary part of comiplex quantity

Ip integral related to plate length, see Eq. 48

plate length

L lift

m integer, defined following Eq. 60



I

p pressure

atmospheric pressure
"PC cavity pressure

PO reference pressure

q fluid speed

qc local fluid speed on cavity boundary

qo magnitude of undisturbed reference velocity at infinity

qs local fluid speed on free surfaces
Q(t) solution to Hilbert problem

Re( ) real part of complex quantity

SSl(t) function, see Eqs. 30, 31

S2(t) function see Eqs. 38, 39

t upper half-plane variable

-- it o  initial t-value in an integral expression

tu  large, real, positive, finite t-value; see Eq. 15 ff.

tA point A in t-planeiA
tD point D in t-plane

tE point E in t-plane

W + ioP complex potential

x horizontal coordinate in physical plane

xo  initial x-value in an integral expression

x coordinates of plate stagnation point

SXYC  coordinates of trailing edge of plate

y vertical coordinate in physical plane

SYc y-coordinate of cavity boundary

Y initial v-value in an integral expression

Ys y-coordinate of free surface

z x + iy -physical nlane

viii



z coordinate on free surfaceS

z coordinate on upper wake£w

a attack angle

location of point F in t-plane

y(t) imaginary part of w on wakes and free surface, see

Eqs. 42-A4

6 radius of arc around t = a in t-plane

C small, positive number (s<<l)

T dummy variable

0 argument of velocity, Eq. 8; also arc coordinate,

see p. 23

Tr 3.14159...

p constant fluid density

a cavitation number

4) velocity potential

D velocity potential at point D

J: velocity potential at point E

X stream function

4 0)o stream function value on free surface

W logarithm of normalized complex velocity

WI imaginary part of w on cavity boundary, see Eqs. 36, 36

W R  real part of w on cavity boundary, see Eqs. 36, 37

J

-x

I

} Ix I



INTRODUCTION

Cavitating flow theory has advanced rapidly in numerous

directions within the last 15 years in response to varied stimu-

li. Most important is the increasing use, and interest in

further enlarging the capabilities, of hydrofoil craft of vary-

ing designs. Organizations have been willing to sponsor re-

search in the area, which has resulted in new approaches to the

solutions of problems, many of which depend heavily on the digi-

tal computer to make possible the numerical evaluation of re-

sults. These trends in research are evident in the current pro-

ject, which builds upon several earlier projects.

Three lines of previous research should be noted. Much

theoretical work has sought to develop linear and nonlinear

theories to describe accurately the behavior of flat-plate hy-

drofoils in the absence of gravity effects, e.g., see Refs.

(1-8). In 1969 the experiments of Dinh (9) indicated that

Larock and Street (7) at that time provided the most accurate

theory for a flat-plate foil in a fluid of infinite extent.

Some of the above works treated a foil which operates near a

free surface. Larock and Street (8) presented a nonlinear theory

for this problem which indicated, among other results, that (a)

linearized theory somewhat overpredicted the lift coefficient,

and (b) as a consequence of the lift on the foil and (it is be-

lieved) the neglect of gravity, the vertical coordinate of the

free surface became unbounded far upstream.

A small number of investigators, realizing that in some

circumstances the effects of gravity are not insignificant,

have conducted studies of various gravity-affected cavity flows

I



(10-14). Of these investigations, only that of Larock and

Street (14) does not depend on a special symmetry or approxi-

L mate boundary conditions to effect a solution; it presents a

nonlinear theory for a fully cavitating flat-plate hydrofoil

acted upon by a transverse gravity field in a fluid of infinite

extent. To date, however, the theoretical behavior of a hydro-

foil operating in the fully cavitating flow state beneath a

free surface, with a consideration of the effect of a transverse

gravity field, is still unknown.

The present research addresses itself to this last problem

by combining ideas developed previously in two papers by Larock

and Street, Refs. (7) and (14).
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SCOPE AND PURPOSE OF RESEARCH

This work extends the 1967 free-surface nonlinear theory

of Larock and Street (8) for flow past a fully cavitating flat-

plate hydrofoil by incorporating the effects of a transverse

gravity field into the theory. The development proceeds along

much the same line as that of Larock and Street's earlier gravity

theory (14). The Riemann-Hilbert technique is used in conjunc-

tion with Tulin's double-spiral-vortex cavity model to seek the

solution. The solution for the gravity-affected problem is

found by iteration; the nongravity solution (8) is used in the

initial computation of the additional gravity terms in the

final solution.

In this project the equations describing the problem are

completely developed and presented in this report. Two FORTRAN

IV computer programs have been written to evaluate these equa-

tions; a listing of each appear3 in an appendix to this report.

Another section of this report is intended to serve as a user's

manual for these programs. Finally, the Scientific Officer for

this project will be supplied with a card deck for these pro-

grams.

The Naval Ship Research and Development Center is expected

to use the results of this project for the purpose of deter-

mining the effects of gravity on the relations between lift,

drag and submergence, and on cavity shape and free surface con-

figuration.

3



THEORY

The underlying structure for this theory has been pre-

sented previously (7); the basic approach for incorporating

the transverse gravity field into the theory has also been pre-

sented several years ago (14). The following exposition is

intended to be self-contained but rather concise; the interested

reader is referred to (7) and (14) for extended discussions.

The Tulin nonlinear, double-spiral-vortex model (6,8)

is employed here because its features are useful in the subse-

quent conformal- mapping procedure.

Figure i shows the physical plan(, (z-plane) for the flow

past a flat plat& running beneath the free surface and trailing

a cavity modeler' by the Tulin model. The plate ABC is inclined

at an angle a relative to the paiallel fluid flow of undisturbed

speed q. which surrounds it. The nose of the plate is chosen

to be the coordinate origin with the x-axis drawn parallel to

the undisturbed flow. Point A is submerged a distance d below

the undisturbed free surface, denoted by 12. The flow separates

smoothly from the ends of the plate. The free surfaces bounding

the cavity, of cav.ity pressure pc and loc,-l speed qC(y), end

in a pair of double-spiral vortices at points D ard E. These

streamlines spiral into and terminate at these points. Ther3

the flow speed discontinuously jumps frorp the ca-,ity speed q

to thp undisturbed speed q., ard the wake boundary spirals back

outward and pr-ceeds to downstream infinity at FI and 11 (this

behavior is responsible for the name of the mo.el). Tulin re-

marks that this velocity discontinuity acuounts partially for

the pressure-izovery loss caused by the turbuience that aczom-

4



panies cavity collapse. The local speed along the free sur-

face 12 F2 is qs(y). It is convenient to select qo as the

characteristic velocity for the problem and later normalize it

to unity.

For this problem the fluid is assumed to be inviscid, in-

compressible and homogeneous. The flow is stead) irrotational

and two-dimensional with surface tension effects neglected.

In this case the Bernoulli equation is

p + -jpq + pgy = Constant (1)

Here p is the pressure, p is the fluid density, q is the fluid

speed, g is the acceleration of gravity, and y is the vertical

distanct to some point in the flow from the coordinate origin.

The Constant can be evaluated at a convenient reference point,

which is currently chosen to be far upstream at y = 0; condi-

tions at this point are deneted by a subscript o. Thus, if

Eq. 1 is applied between the reference point and some point on

the cavity (subscript c), or, obtains

Po + 2,Pqo2 = Pc + Pgyc + pqc(2)

By introducing the cavitation number

SOqo (3)

and the Froude number F, defined by
2

Fz 2 qo (4)
gk.Ihere Z is the plate length, one finds that the ratio of fluid

speeds q /qo can be written



qo-.-&-~~-"'~- - ". (.)

q ~ yC 1/2

Far upstream where the flow speed is uniformly qo, one

finds the relation between p0 and the atmospheric pressure pa

at the free surface to be

P0 = a + pgd (6)

Then by applying the Bernoulli equation between the free sur-

face and the reference point, the speed ratio qs/qo is found

to be

qs _1+2 (d-s71/

For the assumed flow and model, the plane of the complex

potential W * + i* can be drawn, Fig. 2. The physical and

complex potential planes are uniquely related by

1dI aqe-iO = ew (8)

where w is the logarithm of the normalized complex velocity

with argument e. Alternatively, one has

w = kn(q/q0 ) + i(-O). (9)

Rearrangement of Eq. 8 then gives the physical-plane configura-

tion as

z1 fe-w(t)dW dt (10)

when all variables are expressed in terms of the same variable,

called t. The t-plane is an upper half-plane, with the boundary

6



of the flow domain lying on the real axis, Fig. 3. (Henceforth

q is set to unity.)

To express W and w as functions of t, first W is mapped

to the half-plane by use of the Schwarz-Christoffel transforma-

tion, and then w is directly constructed in the t-plane. The

function W(t) is made unique by selecting the following three-

point correspondence:

B: W= 0 t= 0

C: W = exp(2ffi) t = -1 (11)

I: W oo t C

If t = S is the point at downstream infinity (point F) and

boundary F212 is used to evaluate the constant of integration,

one finds

'0W(t) =7--- [t+S 9n(-t/8)] (12)

The parameters o and S are related by considering point C;
r0

the result is

0 = rr/[i-S £n(I+I/S)1 (13)

Finally, if one requires that = as was done in Ref. (8),
.? D

another parameter relation is obtained as

tel 0 n(l-tE/$) = tD/S + 9n(I-tD/6) (14)

One uses the Riemann-Hilbert tcchnique to construct w(t).

i Initially one hypothesizes that the following boundary data

are known along the entire real line in the t-plane:

7



Re(w) = 0 < t < tD1 2 c(t'

Re(w)2 Yc t)] tD < t < -1

Im(W) =a -1 < t < 0 !

Ira(W) =a- 7r 0 < t < tA

Re() < t < t

Re(W) = 0 tE < t <:

Re(w) = 0 tu < t <

In the above it is assumed that ys(t) approaches d as t grows

progressively larger, and the difference (d-y,(t)) is negli-

gibly small for t >tu, t u being some reasonably large, but

finite, value of t.

The current technique requires a knowledge of the imagi-

nary part of a function, say Q(t), on the entire real line.

This is achieved by the definition

Q(t) = w(t)/H(t) (16)

where H(t) is a solution to the homogeneous Hilbert problem.

For the current problem one may select (8)

1/2

11(t) = -it(l+t)(ttA)] (17)

The solution for w(t) is

1t= Im[Q(n)]dn (18)Q(t) =  (18)n-

Ref. (8) proves that no power s',ries terms should be added to

this expression.

8



In writing the full expression for w(t), it is advan-

tageous to rewrite one of the logarithmic terms in Eq. 15 in

the following way:

£n +a- 2 Yc(t = t] £n(14cy)+ n 2 1 )] (19)

The integral form for w(t, is therefore composed of seven

terms:

-1di
W(t) _I U f an

n+tD (n -t)[(1+n) (n-tA)] 1 2

p

t

dni

t A  
tA)

t A  t A
+ f dn fdn

+ f (n-t)[(l+n)(tA-n)] 1/2 f (dt)i[(l+n)(tAn /2
-I 0A

-1 £n1~-2 1 Yc

_if (n-t) [ (l ) (n - 1 / 2

tE Xn 2 1dx'
tA (n- t[ (1+n) (n(-tA)2

tu Zn.  s\- - d
f (njt)[(l+n)(ntA)]1/2

The requirement that the flow be horizontal at infinity

9



yields two additional coiditions that contribute to a unique

specification of all flow parameters. The conditions (8) are

[Im~ ]= 0
(21)

Im[w(-)] = 0

When Eqs. 21 are applied to Eq. 20, the resulting equations

can be displayed in the form

All2n(l+a) + a = B1 + BlG (22)

A2 1 n(l+o) + a = B2 - B2 G (23) i

where

rIt\i /tEtA 1/2 r 1/2 1/2-

1"- 1 + A tD
A11 I/ 1/2 E ( 1+8 1/2 11 A j/2

K 1+FDIt(__
kL -) t E) - ( tA )

(24)

A 1 r(l+tE) 1/2+ (t E-t A) 1/2 (25

A21 = ( n~I(tA.tD)l 2+(-('+tD))/2 (25)

ipr(l~tA)- 2tA

B = 1T sin- L (I+tA) J (26)

B2 = - siAL 1 -- j (27)

I [n[.2 1 Yc)] d

21 - - d/

10 B ln (-A /



A A

(28)

and

B~f = ~+.~

1 9nc ]2 1 tu

-f -+
tA [ (ln) (n-tA)1/2  J/ 2

tD [ (l+n) (n-tA1

(29)

The actual setting of flow parameters proceeded in the

following order:

1. Either oor B is prescribed, and the other para-

meter is found from Eq. 13.

2. To take advantage of the linearity of Eqs. 22 and 23

in Ln(l+o) and a, these equations are solved re-

! peatedly for £n(l+o) and a for assigned arrays of

values for tA and tD; tE is found from Eq. 14 for

each given tD and .

3. An appropriate preliminary selection of t-plane

parameters, i.e. tA, tD , tE , and B, can then be made

from the tabular arrays of parameters which were

generated in step 2.
The next section of this report presents all the equations

which together constitute a complete solution to the problem.

pr i 11

:' : ~ ~ ~ ~ ro the'°' V - - : ta u a ar ay of: par me er which were..-- =-.. ...i 1 -| 'i... i .. ' *.. ........ .......... ...



The methodology for computing this solution then follows. It

is there that the treatment of the gravity terms BlG and B2G

which obviously cannot initially be computed with the other
2I

terms (since yc(t), ys(t), u, and 2 are not yet known), will

be discussed.

: 12



RESULTS

Results of the theory include the physical-plane configura-

tion for the plate, cavity and wake boundaries and the free sur-

face, and also the lift and drag coefficients.

On the foil, -l<t<tA, and Eq. 20 can be evaluated to give

W(t) as

W(t) ia + Sl(t) + Glc(t) + Gls(t)

1/2 1/2{:(tA- t) I 2  [tA +t)]I/

% A (30)
(tA-t) + [tA(l+t)]

where

S(t) n(l+) + .sin I tD-tA)t+(1-tA)tD-tA1
S!(t't D )n(s+t An

sin- 1 (l+2tE-tAt AE_2 t A (31)
61 ;=(t - t) (+tAF

i Glct) [(~t)(A-t]I/2 ftA (n-t)[(l+n)(n-tA)]l/2
IA

1 2 I Y )
-l £I41F--2 1 Ij2n dn

-, D(-t[ln(nt 1 (32)

iand tu n~lFj z ))]dl+2 F s

: ls(t)= [ (l+t) (tA-t) f1 / 2 (1T) nt /
~~~~ (-t[l)C-A)]

(33)

~13
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It can be shown that

1 1 Yc I-lGlc(-1) P n T -F- a (34)

and a 2  1 yc(tA)

lcr A) --- 0 (35)

since yc(tA) = 0.

For the two free surfaces bounding the cavity,

W(t) = WR(t) + iw I (t) (36)

with

WR(t) = n(l+a) + n T F +-c] (37)

and
l -it- tA 1 /21

(l(t) = - 2 '-tan 1t(+t) + S2 (t)+G 2c(t)+G 2 s(t)

(38)

For the lower free surface tDSt4-i, and for the upper free sur-

face tAt~tE* The last three terms in Eq. 38 are defined as

StE-tA 1/2 (t-tA1/2

2(t) 779n(l+a) k2 nr tEtA / t1 /2

2/ 1T /2 I
11+t \ /2+(1+tD)/2 )

E -tA/ tD tA1 (39)

14



t 2,1 c N

" 1/2 E n40) -d~

G2 ~t l~) A j) ] I F 1+0 1T1

tA

r2 1 (rt)-1 1 +a-..--Ji

2~n11T7 __ _ 2_ (40)

and

1/2 u in -+ dn
G2 s(t) t 1 I (t ft)[(l+n)(n-tA)]l/ 2 (41)

The slash on the integral signs in Eq. 40 signifies that the

interval (t-E, t+E) is to be deleted from the integration,

where c is a suitably small, positive number. In Eq. 39 use

the (+) for the upper surface and the (-) for the lower sur-

face where (t) signs appear.

For the wake boundaries and the free surface one finds

w =t) iy4, for t > (42)
L F I

and

o(t) : iy(t), for t < (43)

where t A1/ tBtA 1/ Lt1/2 ( tD 1/

y(t) = -n(l+o)n 1/2 tEntA 1/2 t 1/2It-t A  [' ] t tD /

+La 2) tA(l+t) + G3 c(t) + G3 s(t) (44)

15



-" _~ [1+ l--tA (n-t)[(l+n) (n-tA)]11 2

-1 n [---2-T  C dnf1/
tD A )

and

G3 5(t) t [l+j.)(4 1_ 2  F . / (46)

3S 77 f (n -t) 1 (l+0) (n ] 17T,(6

-A)]

Explanation of the slash symbol follows Eq. 41. One will re-

call that the appropriate t-ranges are tE<t<0 for the upper

wake boundary, t<tD for the lower wake boundary, and t>8 for

the free surface.

By using the mathematical definitions given in Eqs. 30-

46, it is a somewhat lengthy but straightforward process to

develop the final results which follow. First the plate length

Z can be found by combining Eqs. 10, 12, 13, and 30-35 to get

9 = Ip(-lt) (47)
p 'A

with

n21/

nI

x expl- [Sl(t)+Glc(t)+Gl (t)] ± td.-. (48)

The coordinates of the plate stagnation point are

16



z =x + yB = (cosa-isina)I(O,t) (49)
B B YB p'A)

and the coordinates of the downstream end of the plate are

zC =x C + iyC = (cosa-isina)k (50)

It has previously been shown (7) that lift L and drag D

&are related to the pressure distribution on the plate by the

expression

A

D + iL - -if (p-pc)dz (51)

C

If the lift and drag coefficients, defined as

L dC = DCand (52CL 1 2 an D  1
Zpqok Tpqo5

are introduced into Eq. 51, then use of Eqs. 1-4 and 8-12 lead

to

A
i2 - 2 dW (53)

CD +1CL=-1 Y~-- ~ej e- 3t dt

C

and ultimately to the results

CD [1+o + sina/F 2 + I lsina (54)

and

CL = [1+o + sina/F + I ]cosa (55)C
L c

where
t A2

I2 c f exp[Sl(t)+Glc(t)+Gls(t)]
A)1

x -tA+ 1/t + [tA(l+t)(tAt) I/ dt (56)
17-t

17



Substitution of the appropriate expressions for w(t) from

this section into Eq. 10 will then give the cavity-wake-free

surface configurations. The results are the following for the

cavity shape:

t-coswi(n) ridox(t) -x o  1/ 1T[l-a£n(I+I/a)](i+a) /2  [1. 2 1 Y ]C /
z1+

(57)

and

-1 -sinw 1 (n) ndni

y(t)- [l-'£n(l+I/$)](1+a)i/2Jt 1 2  1 Yc n)-]lT

(58)

For the upper boundary select xo=0, Yo=0, to=tA and tA~t<t E*

For the lower boundary select Xo=Xc, yo=yc, t=-l and tD<t<-l.

Eq. 38 defines wI.

In a very similar way one derives expressions for the

wakes and free surface:

Sx(t-x = I cosy(n) ndn (59)
xt1)-o $n(Z+]7j [ 2 j d-ys(n)m

-1 [ siny(n) dn - (60)Y(t)-yo I-Btn(l*l/) f 2 d -ys(n)Im/2 (n)

18



If n>, then m=l; otherwise m=O. For the upper wake boundary+
xo=x1 , yo=yF, to=tE and t <t<a. For the lower wake Xo=XD,

Yo=YD , to=tD and t<tD . For the free surface it is not con-

venient, or even possible, to begin integration at the point

t=a, for this point lies at downstream infinity in the physi-

cal plane. As one crosses the point t=$, there is a finite

jump in the y-coordinate by the amount * to go from the upper

wake to the free surface. However, this information by itself

is not particularly useful for numerical computation. The

next section will clarify this point.

19



COMPUTATIONAL PROCEDURES AND PROGRAMS

Two FORTRAN IV computer programs have been developed to

evaluate the preceding equations. Both program listings will

be found in the Appendix. The first, and smaller, program as-

sists one in selecting an appropriate initial set of t-plane

parameters or coefficients which relate approximately correct-

ly to the parameter set (io, a, 0) which one desires to study.

The larger program completely evaluates the theory for a given

set of t-plane parameters (tA, tD) tE, B). The computational

sequence and the role of each major segment within the program

and also the required data cards will be described. This sec-

tion also includes short discussions of some topics the user

ought to consider further.

The first program is small and contains approximately 100

statements. In the selection of a coefficient or parameter

set for a particular problem, one would like to specify (

a, a) and then use the appropriate corresponding set of t-plane

1)arameters. Due to the mathematical structure of Eqs. 22 and

23, however, it is more appropriate to select y or a, and

arrays of values for tA and tD, and then note the resulting

values of or o tE' a and a. Moreover, this search must

initially be conducted without consideration of gravity ef-

fects, for the gravity terms, Eqs. 28 and 29, cannot be evalu-

ated at this early stage of computation. Thus this program

performs steps 1 and 2 which are listed following Eq. 29.

The first program operates in the following manner. First

either qi or B :s reed, and the other parameter is computed

from Eq. 13. Then arrays of values for tA and tD are read,
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StL is computed by the REAL FUNCTION FE(TD,BETA) which solves
Eq. 1A for each tD, and Eqs. 22 and 23 are then solved for a

and a. Finally, lists of parameter sets are printed.

To process one set of parameters with this program, two

data cards are required. The first one has the FORMAT(2F17.7)

and supplies either or 6 to the program in that order;

supply only one of these two numbers and leave the other space

blank. The second data card follows the FORMAT(6F12.7) and

contains these data:

TAI, TAINC, TAF, TDI, TDINC, TDF

The program processes an array of tA values, beginning with the

smallest value TAI and proceeding to increase tA by increments

TAINC (>0) until TAF is exceeded. For each value of tA the[
program processes an array of tD values, beginning with the

least negative value TDT and decreasing in increments TDINC

(<0) until the most negative value TDF has been passed. Then

control passes to the head of the program, and another pair of

data cards is to be accepted and processed. Alternatively, if

one wishes to terminate the program, place one blank card at

the end of the other pair of data cards. Although the Appen-

dix listings show no data cards, both the actual card decks

supplied under this project do contain a sample set of data

cards.

I The large computer program evaluates the equations given

earlier and contain:; almost 1600 statements. The solution

for the gravity-affected flow is found by an iterative process.

The initial pass through the first portion of the main program

computes the physical plane configuration and the force coeffi-
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cients in the absence of gravity; values for yc(t) and ys(t),

a and a are part of this output. Although these values are

altered somewhat when gravity effects are included in the equa-

tions, they serve as reasonable first approximations to the

later results which are obtained when gravity is considered.

When these values do not change significantly from one gravity

iteration to the next, the gravity solutioi, has been obtained,

and computations should cease. The latter, and larger part,

of the main program uses the data for yc(t), y (t), etc. to

compute the various gravity terms, such as Glc(t), Gls(t) ,

and so on. Then a new computation of the flow parameters,

physical plane configuration and force coefficients begins

with the inclusion of the gravity terms that have just been

computed. As even one gravity iteration requires a fair amount

of computer time, the program is currently designed to calcu-

late only one complete solution and then stop.

To compute one complete case, the program requires three

cards of .input data. The first card format is FORMAT(4EI7.7),

and the required data are

TA, TD, TE, BETA

It is assumed that these data form a compatible set and al-

ready satisfy Eq. 14. The second data card has the FORMAT(415);

the values to be read are

NLC, NUC, NFS, IGMAX

Here NLC is the Number of coordinate points on the Lower Cavity

boundary which are to be calculated, NUC is the Number of

coordinate points on the Upper Cavity boundary, and NFS is

the Number of coordinate points to be calculated along the Free

d 22



Surface. Minimum values for these control parameters are speci-

fied in the program listing, but to achieve some sort of

reasonable balance between accuracy of solution and required

computation time, it is suggested that these three parameters

each be set at approximately 20 to 25. 1GMAX is the number

of gravity iterations that the program is to compute; if one

sets IGMAX = 0, then only the nongravity solution, Ref. (8),

is computed. The third data card follows the same format as

the first card and inputs values for the two parameters F
2

and tu, which in the program are called

FSQ, TU
The reading of these three data cards is the first task com-

pleted in the computational routine of the program. Arrays of

t-plane val,,is along the cavity boundaries are then set up.

Computation of the solution now begins after label 120

is passed. First a and a are computed, then the plate length

Z (PL), coordinates of points A, B, and C on the plate are

located, and CL and CD are computed. Next to be computed are

coordinates along the lower cavity boundary, lower wake boundary,

upper cavity boundary, and upper wake boundary.

Coordinates along the free surface should be computed

now. As the discussion following Eq. 60 pointed out, one can-

not numerically integrate through the point t = 3 to get onto

the free surface. Instead the program integrates around t =

along the arc t = 3 + 6exp(iO), where 0 = 71 is on the upper

wake and 0 = 0 is on the free surface. Equation 10 gives the

relation between z on the wake and z on the free surface as
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r

zs .z w J ( +e )exp[-w(N+6e )]de (61)

To avoid certain difficulties, the program sets 6 = (a-tE)/2.

The algebra required to separate Eq. 61 into real and imaginary

parts to obtain expressions for the x and y coordinates is suf-

ficiently long that it is not reproduced in the body of this

report. However, all the details are programmed in subroutines

ARGZ, XARC, YARC, and ARC and some additional subroutines which

later supply the gravity-term contributions. Once integration

along the arc from the upper wake to the free surface has bcen

achieved, the free surface coordinates are quickly computed,

and the initial computation cycle is complete.

At this time three y-coordinate arrays are updated, and

Lthe upstream depth d is assigned a value. This particular ar-

rangement assures that yc (t) and ys(t), which are used in com-

puting the gravity terms Glc , G1 s to G3c, G3s and the gravity

terms for the arc and are used in computing the new physical

plane configuration, remain unchanged throughout an entire com-

putation cycle. The effect of altering the program to use new

values of y (t) and y (t) immediately is perhaps one of the

less important factors that could be investigated while the

program is used. One additional point should be noted here

about the upstream depth d. Since the wake of the double-

spiral-vortex model is presumed to close at downstream infini-

ty, ys(a) is equated to d for subsequent use in evaluating in-

tegrals over the range (0,tu).

At this point in the program a counter IG is incremented
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by one and compared with IGMAX; if IG exceeds IGMAX, computa-

wtion ceases. Early experience in running the program should

show whether the iterative approach generates a convergent

solution, as was obtained in Ref. (14). Once convergence has

been demonstrated, one may wish to replace this program termina-

tion feature with a more advanced checking procedure which

compares the values of selected parameters from one solution

cycle to the next and ends computation when changes become

sufficiently small. Parameters that might be used in such a

convergence check include a, a, CL or CD and/or the location

of selected points in the physical plane.

The remainder of the main program computes arrays of

values for the several gravity terms. These arrays are con-

verted i0.to continuous functions by the use of simple, linear

interpolation routines. Higher order interpolation schemes

were considered but discarded for several reasons. Linear

interpolation is simplest and therefore tho fastest; if the

function being approximated varies slowly or is small, linear

routines should be adequate. If the function varies rapidly,

then the appropriate control parameter (NLC, NUC, or NFS)

should be increased to achieve a bet', -epresentation. Upon

completion of the computation for these gravity terms, control

passes back to label 120, and the gravity solution itself is

computed. This computation phase now includes the terms BIG

and B 2G and all the other effects of gravity on the solution.

Based on very limited experience gained during the develop-

ment and testing of the program, it appears that the inclusion

of the gravity termb causes a to increase and a to decrease
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from their former nongravity values for the same t-plane para-

meters. One should accumulate further experience here and use

it in selecting more appropriately the input parameters to the

program.

The magnitude of the gravity effect in this problem can

be assessed by comparing gravity and nongravity solutions for

the same a and a. The appropriate gravity case should be com-

puted first, using the current computer program. Then the

small program should be used to search for the correct set of

t-plane parameters which give a match for a and a. Finally,

these parameters should be used in the big program with IGMAX =

0 to obtain the equivalent nongravity solution.

Another ,oiat of interest is that it may be feasible to

generate a finite cavity solution with a = 0 in the presence

of gravity, although it has not actually been attempted. The

reader is referred to additional remarks on this idea in Ref.

(14), p. 335.

Two final points are deserving of some attention. The

current program has values for tu and F2 assigned from an

input data card. It is assumed that the solution is insensi-

tive to the particular value of tu so long as tu is sufficiently

large; this assumption should be checked by computing several

test cases in which only tu is varied between cases. Program

users may also wish to consider the possibility of internally

2computing a value for F
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APPENDIX -- COMPUTER PROGRAM LISTINGS

Given here is a complete listing of the two FORTRAN IV

computer programs described in the body of this report.
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8 6 7 0 0 F n R T R A N C 0 M P I L A T I n N M A R K 11.01,

SsET SINGLE qCn
FILE SuINPUTo UNITM REAnER
FyLF 6mLAROCKsUNTTU PRINTER

C GRAVITY EFFECTS ON A CAVITATIN5 FOIL BELOW A FREE SURFACE

C LAROCK THEORY 1972I
C THIS PROGRAM IS TO BE uSED FOR PRELIMINARY COEFFICIENT SELECTInN

C
6 EE URACE. LAROCK THORIY EFFECTS ON A CAVITATING FOIL BELOW A FR

IEESURAC~ LAOCKTHERY1972o//#3?X.43H PARAMETER ARRAYS WHICH F
2OLLOW ARE FOR G*Oo///)
WRITE (69 4a")

C
C RELATE pSIZERO a H TO RETA. IF BETA IS GIVEN, H IS COMPUTEn, IF H
C IS GIVEN. RFTA IS COMPIITED. ASSUMING IT LIES BETWEEN 0,0001 ANn

C 1000000

P2 P3.141592654
2READ (So 610) H. RFTA
IF((H.EQ.OO).ANO.(RETA.EQ.0.O)) GO TO 999r610 FRA(F??
IF(H*EOO) Gfl TO 11
BL u 0.0001
Bu a 1000000
FL a PI*BL/(1.O-8L*ALOG(l.O+l.0/BL))
FU x PI*RU/(1.0'RtI*ALOGCI.0,1.0/BU))

1 ;1 M a O.5*CRL+RIJ)

FM a PI*8M/'( I 0.BM*ALOGC 1.0,1 0/RH))I

11 FL a FM
RI a RH
GO TO 16

14 BETA a RH
GO TO 17

IS FU a FM
RU a RM

16 IF((RU-RL),GTsfl.O000001) Gfl TO 12
BETA m O.5*(RU+RL)
GO TO 17

11 H *PI*RETA/(IoOB9FTA*ALOG(100*l.0/BFTA))
17 WRITE (6. 611) Ho BETA

611 FORMAT(IHO.30X.11H PSIZERO z #Elb?.#13H AND 8FTA xt El7#7)
C
C FIND SIGMA AND AIPHAmAL FOR A RANGE OF TA AND Tn FOR GsO0
C

WRITE (6. 614)
READ (S. 61?) TAT* TAINJCt TAFP T0oI TnINCo TOF

6t2 FORMATCAF1P?)
TA x TAT

21 TO x TflT
20 TE a FE(Tn. RETA)

Ri a SQRT(CRETA-TA)/C1.0+RFTA))
R2 a S4RT((TE-TA)/(1.0+TE))
R3 a 1.0/RI
Ra SQRT((1.O+TD)/(Tn-TA))

All ( ALC';( Ri*R2)/(R1OR2))"ALOG( R3R4)/(R3"R4)))/(2.0*pI)
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81 oS*P! ARSIN((RETA*(l.0.TA)-2.O*TA)/(8ETA*(t.O4TA)))
R5 a SQRT(l*OTE) + SQRTCTEwTA)
R6 a SQRT(TAmT) + SQRTCwI.0oTn)
A21 *ALnG(R5/R6)/PI

82 *O,5*PI - ARSINCCI*O-TA)/(1.0+TA))
REAL LNSIG
LNSIG a (RI a 2)/(A11-A21)
AL a Ht1 Att*LNSTiG
SIGMA a EXP(LNSTG) a 1,0
ALD a AL*1AO*0/PI
WRITE (6o 613) SIGMA&ALD9ALPTA.TD#TEP8ETA

S611 FORMAT(7E17.?#/)
614 FORMAT(1140.6Xo6 STGMAv8XpltH ALPHApOEG.p6Xpl1N ALPHAvRAq,9Xo

13H TAsI4Xv34 Tnol4X.3H TEP13Xo 5H RETAs/)o PROGRAM ASSuMES Tfli*GT*TDF AND TAI#LTsTAF
IF(TDF.GEeTn) GO TO t4
TD a TO + TOINC
GO TO 20

IA IF(TA.GE.TAF) Gn TO 27
TA a TA * TAINC
GO TO 21

999 cOnNTINUIE
STOP
END

REENTRANT FORI
NONREENTRAI

REAL FUNCTION FECTO. 8FTA)
c THIS FUNCTY~iN rINnS TF. GIVEN Tn AND RETA
C TD.LT.C.1.0.p TA.LT.TE.LT.AETA

C *Tn/RETA + ALOG(to.0TO/RFTA)
ZL *0.0

[ u 0.99
FL u0.0
Fuj 7* +I ALOG(t.O-ZtU)
IF(FU-C) 5,6p7

6 FE a 711*RETA
RETURN

(7 FL a2F
ZL a ZIU
Zi a 0.9999999
FU a ZtI + ALOG(1.O-ZU)

9 ZM 0*5*(7t) + ZL)
FM a ZM + ALnG(1.O-ZM)
IF(FMwC) 8p9.10

9 FE a FMhRETA
RFTURN

R ZI 0 7H4
FuJ a Fm
GO Tn it

1n ZL Z ZH
F L F FM

11 IF((ZUJZL)*GT.0.,0000001) GO TO 5
FE aO*.5*(7L+ZII)*RFTA
RETURN
ENn
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NUMRER OF ERRORS DETECTFD a 0000. NUMBER OF CARnS o OOtio,
COMPILATION TIMF a O0009 SECONDS ELAPSEDO 00002.15 SECONOS FROCESSIN
D2 STACK SIZE a o000 WORnS. FILESIZE a 00140 WORDS.
TOT4L PROGRAM CnDE a 00347 WORDS. ARRAY STORAGE x 00049 WO::OS.
NUMPER OF PROGRAM SEGMENTS a 00 )a NUMBER OF DISK SEGMENTS a 00001.
ESTIMATEn CORE STnRAGE REQUIREMENT @ e. w ORDS*
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86 7 () 0 F nR T R A N C 0 M P I L A T 1 0 N M A R K 11,0l.00

SSET SINGLE RCO
FILE 52INPIJTP UNIT= RFAnER
FILE 6sLAROCK,1JNITx PRINTER

601 FORMAT(IHO.20Xo7H GRAVITY EFFECTS ON A CAVITATING FOIL RELOW A FR

lEE SURFACE. LAROCX THEORY 1972//)
60? FORMAT(4E17.7)
603 FORMAM(H vlOXv1IH PSIZERO x P E17*7p/)
604 FORMAT(IH *30H INTFGRAL STEP SIZE.LT.MNIMUIM)

609 FfRMAT(IH0.l0X@15H PLATE LENGTH at FIO.4.1)
606 FnRMAT(1H0.IOXP 6H XA a* E16.7pI0'%,6H YA v E1697o/.

I IX. 6H X8 t Ft6sT.IOXo6H YB o Et6o?./e
2IIX. 6H XC o El6@7oIOX.6H YC t Et6,7#//)

607 FORMATCIHO.IOX# 5H CL a. E16*7 pI0Xp 514 CD so E16,Te//)
608 FORMAT(HOPIOX.?9H LOWER STREAMLINE COnRDINATESo/)
609 FORMAT(H &1TXopH T@I5X*2H XP15Xt2H Yo//)

610 FORMATCIII5)
611 FORMATC7E1T.7p/)
614 FORMAT(IH~o6Xv6H SIGmAv8XlI1H ALPHADEG*.6XPIIH ALPI4APRAno.9XP

13H TAo14X#3H Tnpl4yt3H TE*13Xo 5H RETAP/)
615 FORMATIH 95X# SH PT Co 3EI7.?)

t 616 FORMAT(IH uIOXg 3EV?.?)
61 FOR,4AT(IH 95Xo 5H PT Do 3E1?,7)
618 FnRMAT(IHOPIOX#23H LOWFR WAKE COORnINATESP/)
619 FORMATCIHO,1OX,29H UPPER STREAMLINE COORDINATES,/)
620 FOR4AT(tH t 5X* 5H PT A* 3E7*7)
621 FORMAT(IH #5X* 5H PT Et 3EV?.?)
627 FnRMAT(IHOIX23. UPPER WAKE COORnINATES.')
621 rnRMATCIHO~lOX#ISHARC COORfINATES.//,17Xo6H THETA.I1Xo2H X*15X.I 12H Yo//)
624 FORMAT(lHO. 25H FREE SUIRFACE COORDTNATESo/)
625 FORMAT(1'40. 15H4 GRAVITY ARRAYS#//)
626 FnRMAT(1H o 2E1?*71-I 627 FnRMAT(IH * 4H GtCo//o TX.?14 Tol5X& 7H4 GIC(T)o//)
628 FnRMAT(IHOP 4H4 Gtso//.7Xp24 To15XP 1H GIS(T)o//)
629 FnRMAT(1HO.14H G2C ANn GSo//p 9X924 Tv1 3 Xv7H G2C(T).onX.t7 G2S(

63n FORMATCIH o 3E177T)
631 FfRMAT(//)
631 FnRMAT(IHO,14H flN LOWER WAKE#//o 7Xo2H To13xoH G3C(T)#1OXp7H G3S(

IT)#//)
634 FORMAT(IHOIIAH OIN iippER WAKF#//o TX.2H4 Ttj3Xp7H G3C(T)&1OX07H G

3S(

639 FORMAT(IHO.16H ON FREE SURFACE,//. 7X, 2H4 T#13X.7H G3C(T)*1OXc7H G
13S(T)&//)

636 FOPMAT(tHOP21H ON ARC AROUNl TERETA#//oITXo64 THETAvIIX*5H G
3 CR*l2

IXp5H G3CIptX*5H (i3SR*12X&SH G3SI*//)
637 FORMAT(11 o lOX. 5F177)
61A FnRMAT(tHOP4 4 H COMMENCF GRAVITy SOLuTION. ITERATION NUMBER. 136MI

EXTERNAL FI.F?oFI.F4oF5.F6
EXTERNAL F7.F8
EXTERNAL F9oFFllFIl?
EXTERNAL Ft3o F14
EXTERNAL XARCP YARC
RFAL IC
REAL LNSIG
COMMON TAPTI).Tr.LNSIGPRETA.PI .AL.STA.lTiJ.IG
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COMMON /CI/ DELP R2. R4
COMMON /C2/ TLC, TlJCP YLC# YUC
4DIMENSION TLC( 100).TUCCl00).YLCC10&UC10
COMMON /C3/ ENLC@ENUCPENFSPNLC#NUCPNFS
COMMON /C4/ TFSP YFS
DIMENSION TFS(100),YFS(100)
COMMON /C5/ To FSFAC#DPFSQPPLICOMMON /C6/ TCF, GfCFP (SF
00~ENSTON TCFCII )oGCFC 11)#GSF( II)
C014MON /C?/ G2CUoGPSU.(i2CLPG2SL
DI'4ENSION G2CU(100).G2SU(100)ioG2CL(1O).,G'eL(jOO)
^CZMMON /C8/ WL*WtJ#GCWIJ*GSWIJ.GCWLaGSWL
DIMENSION WL(2 0).wi(10).GCWIJC 1O).GSW( (10).GCWL(20)aOSWL(2O)
COMMON /C9/ JWLM
COMMON /CIO/ GCFS# GSFS
DIMENSION GCFSc100)o GSFS(100)
COMMON /CII/ GIR.GII.GKR#GXI.THE
DIMENSION GIRC(i).GT I(6)#GKR(6) .GKIC6).THEC6)
DIMENSION GYLC(100)PGYIJC(100)).GYFS( 100)
DIMENSInN YTEM(S)o YTEM(S)
EPSL x .0r-06
EPS * 000001
EPSG *0.0001
IG a 0
WRITE (6. 601)

C
C FOR GxO READ TA, TOP TEP RETA

READ (5v 602) TAP TDP TE. RETA
C NLC.GT., NIJC*GT*. NFSGT.6 FOR PROGRAM TO WORK PROPERLY

READ (5. 610) NLC. NLJCv NFS# IGMAX
READ (So 602) FSQ# TU
P1 3*3. 4 1592654
STA uSQRT(TA)
H a PIRT/IORT*LGtOIORT)
WRITE (6P 603) H

C
C SET UP T-ARRAYS ON CAVITY ROUNI)ARIES
C

ENLC aNIC -I
ENLJC 0 NUC 1
ENFS 8 NFS -1
TIC~i) a -n1.0
TINC a (1.O+TD),ENI.C
DO 2 Ju?.NLC

7 TLC(j) x TLC(J-1) + TINC
TLC(NLC) 8 TLC(NLC) + EPSL
TINC a O.4*TA
TtiC(1) a TA
On 3 jw2v6

1 TuC(j) se Ttic(js1) + TINC
TINC a (TE-3s0*TA)/(ENlJC-5,0)

004 JuI.NIIC
* TUC(J') x TIIC(J-1) + TINC

TuC(NUC) a TIJC(NIJC) - FPS5L
C
C FIND SfGMA AND ALPHA*A.
C

12n CONTINUIE
IF(IG*GT*0) WRITE (6. 638) IG
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WRITE (6is 61/4)

R 2 a SORT((TE-TA)/(I*O+TE),
R 3 a 1.0/RI
R4 a SORT(CI..0.TD)/(TD-TA))
All ( ALOG((R1+R2)/(Rt-R

2 ) )-ALOG((R3+R4)/(R3oR4)))/(2,0 *PI)8l1 0.5*PT -ARSIN(CRFTA*c.OTA)2o*TA)/(BETA*(lo,+TA)))
R5 *SQRT(l.0+TE) + SQRT(TE*TA)
R6 aSQRT(TA-T)) + SORT(-l.O*TO)
A21 2ALOGCR5/R6)/PI

82 * O5*PT - ARSIN(Cl*ONTA)/(l.,+TA))
IF (IG9EQ*o) Gfl Tn 10r NOW COMPUTE GRAVITY CONTRIRIJTInNS TO 41 AND A2BIG x "(GCWIJ( 8 )+GSWU(8))+3.*cGCWUc9),GSWU(9)-GCWU(lO)OGSJI(lO)

xI 81 + RIG
At x TA.EPSG
A2 a Al425.0*EPSG

FA3 x T'JC(NIJC)
A4 a TLCCNLC)
A6 x lO!EPSG
A5 ai A6-25.0*EPSG
SHIN! a EPSG/105.o
SMIN2 a (A3A2/2100.0
SmN3 x (A5-A4)/2n0.0
I a NEWCO(AI. Ap. F13, RESI. EPSG, SP4INl)IF(I*GT,1,) WRITE (6v 604)
1 * NEWCO(A?, 43o F139 RES?# EPSG# SMIN2)
IF(IGTl) WRITE (06. 604)
1 2 NEWCO(A4# A5. F13. RES3. EPSGP S'4IN3)
IF( I@GT*fl WRITE (05a 604)
I a NEWCO(A5. 46P F13. RES49 EPSGO SHIN!)
IF(I.GT,l) WRITE (6. 604)
R2G a RESl+RESP-RES30RFS4 *GZ
AA x RETA
D0 11 KKIaj9
FKa KK
F2 = .n4*FK*FK

88 R RETA + FK*(TIJORETA)
SHIN 2 (RB-AA)/2100*0
I XNEWCO(AA, R9, ri4, RES, EPSGv SMIN)
IF(I#GT.I) WRITE (6v 604)
82G x R?G + RES
AA x 9R

11 CONTINUJE
82 a 92? 0.5*R?G/PI

In CONTINUE
C SOLVE PARAP4FTER EQU1ATIO1NS HEfRE

LNSIG u (81 - R?,/CAIl-A21)
AL x RI -AtI*LNSIC.
SIGMA X EXP(LNSIG) a 1.0
ALI) a AL*lAO0,/PI
WRITE (6# 613) SYGI4A*ALD*AL&TA#TflTE*BETA
FACS X (1 O-RETA*ALOG( 1.*1 O/RETA' )*SoRt( I .OSIGM4A)
FACW 2 * "EAAn~,+*/EA

C FIND FOIL cnORnINATES. CL AND CO
c A 20u

SMIN *(lo!'TAI/4200.0
7AA x -1,(' * 4 P
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RB8 TA F PSL
1 8NEWCO(AA& RR& Flo RESP EPSP SHIN)
IV(IeGTI) WRITE (69 604)
PL * FAC*RFS
WRITE (6s 605) PL
SMIN 9 TA/4200.0
1 8 NEWCO(0.09 88a Fl. RES# EPS. SMIN)
IF(I.GT.I) WRITE: (A. 604)
XA a 0.0
YA a0.0
X8 8 FAC*RES*COsCAL)
YR a-FAC*RES*SIN(AL)
XC a PL*COS(AL)
YCComPL*SIN(AL)
WRITE (6. 606) XAP YAP XB* YB. XC. YC
SHIN a (i.O4TA)/42V000
I a NEWCOCAA& ARP F2P RES. EPS. SMIN)
IFiI*GT*l) WRITE (A. 604)

IC a FAC*RES/PLI SAF a 0.0
IF(IG*GTo0) SAF a SIN(AL)/FSQ
CL x(1.0*SIGMA + SAF 4 IC)*COSCAL)
CD a Cl.0+SIGMA + SAF + IC)*SIN(AL)

WRITE (6. 607) CL* CD
FSFAC a 290/(FSo*(1.0+SIGMA)*PL)

C CnMPUTE LOWER CAVITY BOUNDARY COORDINATES
C

WRITE (6# 608)
WRITE (6# 609)
x a x
Y a YCC
GYLC(l) a Y
AA xa1,
WRITE (6. 615) AA@ Xt Y
00 36 Jw2*NLC
BR a TLC(J)
SMIN a (AA-Rg)/420n.0
I NEWCO(AAP 98. Fl. RES# EPS. SMIN)
IF(I*GT.l) WRITE (As 604)
X a X + RES/FACS
I a NEWCO(AA. RB F4o RESP EPS. SHIN)
IF(I.GT.l) WRITE (6, 604)
Y a Y + RES/FACS
GYLC(J) u Y
JV(J*EQ.NLC) GO TO 35
WRITE (h. 616) 8R, X. Y
AA a BR

36 CONTINUE
35 WRITE (6. 617) TO. Xt Y

C
C COMPUTE SOME LOWER WAKE BOUJNDARY COORnINATES
c

WRITE (At 618)
WRITE (6. 609)
WRTTE (6. 61?) TO. Xp Y
XO aX

VPL a 5.0PL
JWL I
WL(JWL) * TO *EPSL
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AA aTO

TINC a 1.04TD
4t B8 AA+TINC

IF(AAE0,Tl) AAmAA-EPSL
JWL a JWL + I
WL(JWL) a R8
SMIN a CAA*RR)/4200.0

I*NEWCO(AAv Age F5- RES, EPS. SMIN)
IF(IsGT.1) WRITE (6. 604)'F XT a RES/FACW
IF(XT#LT*PL) TTNC a1*'5*TINC
X z X * XT

1NEWCfl(AAe Ago FP RES# EPSP SMIN)
IF(I.GT.1) WRITE (6. 604)
Y x Y + RES/FACw

LWRITE (6. 616) RR, X, y
AA x RR

C CHECK TO END WAKE CALCULATIONS
IF((xwxn)oLToFPL) GO TO 41
JWLM x jWL

C
c COMPUTE UIPPER CAVITY BOUJNDARY STREAMLINES
C

X vXA
Y 8YA
AA a TA
GYlJC(1) aY
WRITE (6. 619)
WRITE (6p 609)
WRITE (6. 620) AA. Xp Y
DO 46 J82#NJC 3 S.ES SMN

SMIN 9(88-AA)/4200.0
I NEWCO(AAP g 3 EPES MN
IF(I.GT,1) WRITE (6. 604)
X a X + RES/FACS
I a NEWCO(AAP R. F4v qES. EPS. SMIN)
IF(I.GT.1) WRITE (6. 604)
Y a Y + RES/FACS
GYIJC(J) a Y
IF(JEO.NUC) Gil Tfl 45
WRITE (6p 616) Ao Xt Y
AA a RR

4A6 CONTINUE
45 WRITE (6o 621) TEe X. Y

C
Cl COMPUITE SOMF iUPPER WAKE COORDOINATES
C

WRITE (6p 622)

WRITE (6p 621) TEv XWIT (6Y69

TINC a O.1*(RETA-Tr)
IF(IG*GTo0) GO TO 147
Wu(1) a TE+FPSL
WUC?) x TE.TINC
00 47 Js3.1o

47 WU(j) a WU(,jl) + TTNC
147 CONTINUE

AA a Wt)(1I
SHIN x (BETA-TF)/4P00*n
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00 418 Jv2;10 * . ES.S4N

I NEWCO(AAp R S E#ES MN
IF(IGT.l) WRITE (6, 604)
X aX * RES/FACW
I a NEWCOCAAP 98v F6. RESP EPSP SMIN)
IF(IoGT.1) WRITE (6. 604)
Y w Y +RES/FACw
IF(J*EG,6) XW a X
IFCJ*EG*6) YW a Y
WRITE (6v 616)0 RRs Xp Y
AA a 88

48 CONTINUJE
C
C INTEGRATE ALONG ARC TO FREE SURFACE
C

WRITE (6p 623)
IF(IG9GTo0) GO TO 151
OTHET 0 0.2*PI
THEMi a 0.0
00 51 Ju2o6

51 THE(J) a THE(J-1) + OTHET
11DEL 2 O.5*(BETA-TE)
IICONTINUE

X aXW

WIE(69 616) THEMi) Xe Y

SMIN u OTHET/2100s0
EPS a 10*0*EPS
00 52 J=2#6
AA x THE(J-1)

88 a THE(J)
1 8 NEWCO(AA* RB. XARCo RES* CPS# SMIN)
IF(IoGT.1) WRITE (6o 604)
X a X + RES/FACW
I aNEWCO(AAP RB. YARCP RESo EPS. SMIN)
IF(I.GT*1) WRITE (6. 604)
Y a Y + RES/FACW

5P WRITE (6s A16) THF(J)p Xs Y
EPS a 0,1*EPS

C COMPUTE FREE SUJRFACE COORDINATES
C

IF(IG*GT.0) G(3 TO ?05
SET UP T-ARRAY ON FREE SURFACE
TFS(1) = BETA + TINC
on3 5 Jw2o5

S TFS(J) a TFS'J-1) + TINC
00 6 Jn6#NFS
ENJ 8 J
TFAC x (EN.J-5.O)/CFNFS-4.0)
TFAC x TFAC**3*0

A TFS(J) a TFS(5) *(TU*RETAOEL)*TFAC
c

205 CONTINUE
WRITE (6v 624)
WRITE (6. 609)
XTEM(5) a X
YTEM(5) a Y
00 53 JwI. 3



Ku J
AA 2TFS(K)
88 a TFS(K-1)
SMIN 8 (AA-RR)/?10e00
1 8 NEWCO(AAP ARs F5. RES# EPS. SMIN)
IF(I*GT.1) WRITE (6p 604)
XTEM(K-1) v XTEm(K) + RES/F4CW
I a NEWCO(AAP 98v F6& RES. EPS. SHIN)
IF(I@GT.1) WRITE (6. 604)
YTEM(K-J) a YTEmCK) + RES/FACW

53 CONTINUE
DO 54 Jal*9
GYFS(j) a YTEM(j)
WRITE (6s 616) TFS(J)p XTEM(J)p YTEM(J)

54 CONTINUE
DO 55 Ju6pNFS
AA a TFS(.J-1)
RB a TFs(J)
SHIN a (88-AA)/2100,0
I xNEWCO(AAP 98# FS. RESo EPS. SHIN)LIFCI*GT.1) WRITE (6. 604)

4 X u X + RES/FACW
I 8 NEWCO(AAP RB. F6o RES# EPS. SHIN)I! IF(I*GT.1) WRITE (6p 6n4)
Y aY + RES/FACw
GYFS(J) x Y
WRITE (6o 616) R89 X. Y

5S CONTINUE

C upnATE FREE SURFACE ARRAY DESCRIPTIONS
C

DO 60 JuloNLC
60 YLC(J) a GYLC(J)

00 61 Jnt&NOJC
61 YUC(J) a GYUC(J)

DO 62 JuloNFS
67 YFS(J) a GYFS(-j)

o GYFS(NFS)
C
C COMPUTATION CYCLE WAS REEN COMPLETED FOR GoO. FOR GoNEs0.GRAVITY
C TERMS ARE COMPUTED BELOW AND SOLUTION IS RECOMPUTED. BEGINNING AT
C LAREL 120s CHECK IS MAnE HERE TO SEE IF NO. OF GRAVITY ITERATIONS
C EQUALS TGMAX* AT WHICH TIMF COMPUTATION CEASES.

IG zIG +I
IF(IGGT*IG4AX) GO TO 999

c COMPUTE GCF ANn 6SF ARRAYSo WHICH LATER ARE INTERPOLATED AMONG
C TO GIVE GICCT) ANn G15(T)

C
TCFINC x 0.1*(I.O+TA)
WRITE (6v 625)
WRITE (6, 627)
00 70 Jul .11I EJ a J-1
TCF(J) a -1.0 + EJ*TCFINC

70 CONTINuIE
At a TA + EPSG
A2 x -1.0 - EPSG
Aa At + lno0*EPSG
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A4 a TE -I0*0*EPSG
St4INl a EPSG/105*0
S141N2 =(A4-A3)/2100#0
A5 a TO + 10*0*EPSG
A6 a A2 - 10#0*EPSG
SMIN3 *(A6-A5)/2100*0
GCF(1) u O5*Al-OG(lo0inYC( *.o0)*FSFAC'
GCF(tI, x 0.0
WRITE (6v 626) TCFC1)s GCF(I)
GZ a 4*O*SQRT(EPSG/(1.fl+TA))*GCFCI)I

C START (iCF FOR GIC
DO 71 J82010
T a TCF(J)
I a NEWCOCAlt A3& 7. RESI. EPSG. SM4!NI)
IFCI*GT.1) WRITE (6. 604)

I a NEWcn(A3# A4. 77. REs2o EPSG& SM!N2)
IF(I.GT.1) WRITE (6. 604)
I a NEWCO(A4P TUC(NUC)p F7v RES39 EPSGP SMII)

I.F(I*GT.I) WRITE (6s 604)
RESA 8 RESI + RES2 + RES3
I RNEWCO(TLC(NLC)o AS# Flo RESi. EPSG* SM I NI
IF(I*GT.1) WRITE (6. 604)
I a NEWCO(AS@ A*. F?. RES2P EPSGt SMIN3)
IF(I*GT*1) WRITE (6. 604)
1I NEWCa(A6P A2v F70 RES3* EPSGO SMINI)
IF(IGT.1) WRITE (6. 604)
RESO a RESI RES2 4 RES3
TEMP a RESA -RESR *GZ/(t.0*T)
QRT a 0,5*SQRT((1.0*T)*(TA-T))/PI
GCF(J) a TEMP*QRT
WRITE (6m 626) To ACF(j)

71 CONTINUJE
WRITE (6. 626) TCF(11)v GC7(11)

C START G9F FOR GIS
WRITE (6. 628)
GSF(1 a 0.0
GSF(l1) a 0.0
WRITE (6. 626) TCF(1) t GSF(1)
DO 72 Js2.IO
T a TCF(J)
AA a BETA
KK a 0
So a BETA + DEL
SMIN3 a OEL/2100*O
1 4 NEwCn(AA. q8, F8. RES3. EPSGv SM4113)
IF(I.GT.1) WRITE (6. 604)
AA a RR
00 73 KK13105
FK a KK
7K a O.O4*K*FK
88 a BETA + FK*(T(J-BETA)
IF(BB.Lr.AA) Go Tfl 733
SMIN3 a (BB-AA)/21n0.0
I a NEWCn(AA. Rot 78. RES. EPSGs. 594113)
IF(I.GTI) WRITE (6m 604)
RES3 a RES3 + RES
AA x OR

733 CONTINUF
73 CONTINUJE

GSF(J) a 0.5*SORT((I .0+T)*(TAOT))*RES3/PI
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WRITE (6.o 626) TCF(J)p GSF(j)
72 CONTINUE

WRITE (6p 626) TCF(11), GSr(11)
C
r COmPUTE CAVITY GRAVITY ARRAYS
C THESE ARRAYS ARE INTERPOLATED AMONG TO FORM G2C AND 625

XTC
k C UPPER CAVITY STREAMLINE

G2CU(1) a 0.0
GSU(t) a 0.0
WRITE (6. 629)
WRITE (6# 630) TJCOt)o G2CUc1). G2SU(1)
DIMENSION AU(t0)p FSMN(5)
D0 75 Jx2,NIJC
ES xEPSG
T - TUCCJ)
IF((T-TA)-LT.(**EPSG)) ES a T-TA)/4.0
NJI a 3
IF(UJ.GT.6)ANn.(J.LT.NtUC)) NJ! 1'S
IF(J*GT,6) GO To 76
AtlI~) a TA4.ES
AU(2) a T-ES
ESMNC1) m (AU(2)A11(1))/1050.O
AU(3) u T+ES
AU(4) a TUC(?)
ESMN(2) a (AU(4)yAll(3))/1050*0
AU(5) a AU(4)
AU(6) w TUC(NUC)
ESMN(3) a(AI(6)-At(5))/2100.0

76GO TO 77
AU(I) T TA+EPSG
Aij(2) *AUCI) + 10.O*EPSG
ESMNC1) a EPSG/toi.0
AU(3) m AU(?)
AU(4) a T - t0.0*EPSG
ES'4N(2) - (AIJ(I)Ari(3fl/2j00.o
AIJ(5) x AUC4)IAU(6) a T - EPSG
ESMN(3) a ESMN(1)I ITF(J*EQ.NUC) G'1 TO 77
AliC) a T + EPSGI AU(8) m AIJ(7) + 10.O*EPSG
ESMN(u) 2 FSMNCI)
AIJ(9) x AU(M)
AU(lO) a TIIC(NIJC)
ESMN(5) 2 (AlU(10)-AU(9fl./2100.0

77 RES a 0.0
00 771 jJxatNjT
J2 a 2jj

JI a J? - I
I a NEWt~0(AU(Jt), AU(jp), F?. RESi. EPSG, ESMN(.JJ))
IF(I@GT*1) wRITF (As 604)
RES a RFS + RES1

771 CrINTINIJF
Al a TLC(NLC)
A2 a *1.O*11.0*EPeG
A3 a -1,0 -* S
SNINI 8 FPSG/tO5.0
SP4IN2 a (AP-At)/21no.o
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I *NEWCOCAls £2. F?. RESI. EPSGp SM!N2)

IF(I*GT*l) WRITE (6. 604)
I aNEWCO(A2* £3. F?. RES2v EPSG* SMINI)
IFCI*GT.1) WRITE (fit 604)
TEMP a RES-RESI.RES2 +GZ/(1.04T)
QRT a ino.5*T*SORTC( 1.0.1 0/T)*C1.O@TA/T))/P!
G2CUCJ) a QRT*TENP
AA a BETA
KK a
88 a BETA + DEL
SMIN3 a OEL/2100*O
I m NE~4CnCAAP 48P FP RES3o EPSGm SMIN3)
IF(I.GT.l) WRITE (6. 604)
AA a 8B
DO 772 KKAI*5
FK a KK(
FK a 0904*FK*FK
BR a BETA + FK*(TU-SETA)
IF(BB.LEoAA) Go TO 773
SMIN3 a (8RoAA)/2100#0
1 8 NEWCOCAA* 98a FP. RES# EPSGp SMIN3)

IFCI.GT.1) WRITE (6. 604)
RES3 a RES3 *RFS
AA a RB

773 CONTINUE
772 CONTINUE

G2SU(J) a ORT*RES3
75 CONTINUE

c LOWER CAVITY STREAMLINE

WRITE (6v 631)
G2CLCI 2 0.0
'2SLC1) a 0.0
WRITE (6. 630) TLC(1)v G2CLC 1)p G2SL(1
At a TA + EPSG
A2 a At + ?5oO*EPSG
SMINI a EPSG/105.O
A3 m TIJC(NLJC)
SMIN2 a CA3-A2)/2100.0
AU~i) a in1o0EPSG
Au(2) a AMC) - I0.O*EFSG
ESMN(t) aEPSG/105*O
AUC3) a AU(2
ESMN(3) a ESMN(1
ESMNC4) a FSMN(1)
AU(10) a TLC(PJLC)
0O 78 Jw2mNLC
T a TLCCJ)
NJ! .5
IFCJEQNLC) N.11 a 3
I a NEWCOCAI. A2. Flo RESI. EPSG* SMINI)
IFCI.GT.I) WRITE (6. 604)
1I NEWCOCA2* £3. F?. RES2. EPSGp SMIN2)
[F(I.GT.1) WRITE (6. 604)
TEMP aRESt + RFS2
A11(4) aT + IC.0*!:PSG
ESMN(2) 8 (AliC3)All(4))/2100*O
AUj(5) a AU(4
Au(6) a T * EPSG 42



IF(J.EQ.NLC) Gn TO 80
AUM? T - EPSG
AU(8) *AlJ(7) "1090*EPSG
AU(9) uAUC8)
ESMN(5) 0 (AU(9)-Ali(l0))/2lOO0t)

80 774 aJ30.N0
80 RES Jaw0.0J

J2 a 2*JJ
JI a J? a I
1 8 NEWCOCAU(Jt)s AU(J?)v 7. RESt. EPSGv ESMN(JJ))
IFCI.GT.l) WRITE (6. 604)
RES A' RES + RESI

774 CONTINUE
TEMP x TEMP + RES + GZ/CI.O.T)
QRT a *0.5*T*S0RT((l.O4l.0/T)*(l.O-TA/T) )/PI
G2CL(J) a QRT*TEMP
AA a BETA
KK a 0

98 a BETA +DEL
SM!N3 u nEL/2100*0
1! 0 NEwCflCAAv 4Rp 78. RES39 EPSGo SMIN3)
IF(IGT.I) WRITE (6. 604)
AA a 89
00 775 KK=t.5
FK a IKK
FK a O004*FK*FK
88 a BETA + FK*(TU-RETA)
IF(BRoLE.AA) Go TO 755
SMIN3 a (BR-AA)/2000
1I NEWCn(AAp R. F8. RES. EPSGo SMIN3)
IF(I.GT.l) WRITF (6. 604)
RES3 a RES3 + RES
AA a RR

755 CONTINUE
775i CONTINUF

G2SLCJ) a QRT*RES3
WRITE (6v 610) TLC(J). G2CL(.J)e G2SL(j)

78 CnNTIIuE

C COMPUTE WAKE AND FREE SURFACE GRAVITY ARRAYS
C THESE ARRAYS ARE INTERPOLATED AMONG TO FORM G3C AND G3SIC LOWER WAKE

WRITE (6.o 631)
Al a TA+EPSG
A;) a Al,?5*O*EPS4
A3 2 T'iC ( N'JC
A4 z TLC(NLC)
AS a A4.t0,0*EPSG
A? a *1.OVFPSG
A6 9 A7-25,o*FPsG
AR a A3 - 10.O*E-PSro

SWIN2 u (Al-A2)/2ln~o.ISMTN3 9 (A6-A'5)/2lnO0
S141N4 a (A8-A2)/2100.O
WRITE (6o 633)[On0 81 Jul#.JWLM
T *WL(J)
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I 'NEWCO(A1. A2# Fl. RESt. EPSGo St4INI)

IF(I*GTl) WRITE (6. 604)
10NEWCO(A2# £3. F?. RES2* EPSG. SMIN2)

!F(I9GT.l) WRITE (6p 604)
I a NEWCnCA4p AS, F?. RES3@ CPSG. St4INI)
IFCI.GToI) WRITE (6p 604)
1I NEWCO(A5. £6. Flo~ RES4# EPSG# SMIN3)
IF(IoGT.1) WRITE (6. 604)
1 0 NEWCO(A6# Alt Flo RES5. EPSGo SMTNI)

IF(hGT.I) WRITE (As 604)
TEMP x RESI 4 RES2 - RES3 - RES4 0 RESS + GZ/Cl.O+T)
ORT a .0.5*T*SORTC(1.0,l.0/T)*(1.*TA/T))/PI
GCWLCJ) a TEMP*QRT
AA a 6ETA
KK a 0
883a BETA. DEL
SHIN n EL/2100#0
I NEWCO(AA# ne. F89. RES3. EPSG# SMIN)
IF(I.GT.l) WRITE (As 604)
AA a 88
00 776 KKI.#5

E FK 8KK
FK a 0.04*FK*FK
B8 a BETA + FK*(TIJ-BETA)
IFCBB.LE.AA) Go TO 756

1SHINEWC(AA# Rev F8# RESn EPSGP SHIN)

IF(I.GT.l) WRITF (6. 604)
RES3 a RES3 * RES
AA a BR

756 CONTINUF
776 CONTINUE

GSwLCJ) a RES3*QRT
WRITE (6# 630) To GCWL(J)o GSWLCJ)

81 CONTINUE
C
C UPPER WAKE

WRITE (6. 634)
D0 82 Jul.10
T xWU(J)
I a NEWCOCAl. £2. F?. RESI, EPSG* SMINI)
IF(J.GT.1) WRITE (6. 604)
1 NEWCOCA2' Ag. Flo RES2# EPSG* SMIN4)

IFCI.GTl) WRITE (6. 604)
1 a NEWCO(AS £3, F?. RES3. EPSG. SMINI)

TFCI.GT#I) WRITE (60 604)
1 0 NEwcnCA4* A9. F?. RES4. EPSG# SMINI)
IF(I.GT.l) WRITE (6. 604)
1 a NEWCO(Ass £6. Fl. RES5. EPSG* St4IN3)

IF(IGT.1) WRITE (6. 604)
I 2 NEWCnCA6. A?. F?. RES6. EPSG. SMINI)
IF(I.GT.l) WRITE (6. 604)
TEMP x RES1,RES2,RVS3-RES4RES5-RES6 + GZ/(IO0,T)
ORT a *0.5iT*SQRT((l.0*l.O/T)*Cl.OOTA/T) )/PI
iCWIJ(j) a QRT*TEMP
RES3 a 0.0
AA a BETA
KK a 0
SMIN3 a DEL/2100@0
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83 88 AA * fEL
I aNEWCOCAAo 99o F8P RES. EPSG* SMIN3)
RES3 8 RES3 + RES
IF(I.GT.t) WRITE (6o 604)
KK x KK + I
AA a 89
IF(KKJo.1) Gn TO 83
00 777 KK*7*6
FK a KK I
FK x O.**FK*FK
88 m BETA + FK*CTIJ.BETA)
IF(BReLE.AA) AOl TO 757
SP4IN3 u (RR.AA)/2100.0
I XNEWCOCAA@ RAP F8, RES. EPSGp SMIN3)
IF(I*GTl) WRITE (6. 604)
RES3 s RES3 + RES
AA x OR

757 CONTINUE
777 CONTINUE

GSWU(J) URES3*qRT

WRITE (6. 630) To ACWUCJ)t GSWU(J)
87CONTINUE

* C FREE SURFACE

* WRITE (6p 635)
00 85 J=IPNFS
T a rFS(J)
1I NEWCO(A1. A2, F?. RESI. EPSGP SMINt)
IF(I.GT.1) WRITE (6. 6()
I = NEWC0(A?. Ai8. FT. RES2@ EPSG, SMIN4)

IF(I.GT.I) WRITE (A. 604)

1NEWCO(Ant A3t FT. RES3. EPSGs SMINI)
IF(IoGT.1) WRITE (A. 604)

IN!WCn(A4@ A~v FT. RES4P EPSGo SP4INI)
IF(I*GT@I) WRITE (At 604)
1 NEWCO(A5m AA, F?. RES5P EPSG. SMIN3)
IF(IGT.1) WRITr (As, 6n4)

I 0 NEwcn(A6# AT F?. RES6o EPSG. SMINI)

IF(IGT.t) WRITE (At 6S04)I
TEmP a RESt.RFS7+RFS3RES4-RES9wRES6 + GZ/(1.
ORT a .n.5*T*SIIy( (1.041 .0/T)*( 1 O-TA/T) )/PI
GCFS(J') a ORT*TEMP

C ETwEEN HERr ANO LAHEL 106 PRIMARILY SETS IJP INTEGRATION LImITS
FOR EVALUATING G3S(1)v T9GT,8ETA
AA RFTA

KK 2
RES3 x 0.0
SMIN s fEL/?100.0

9n 89 a AA + nEL
IF((ToGE@AA)sA~n.(T.LE.RR)) GO TO 91
IF((T,L-T.AA).ANfl.((T.EPSG).GT.AA)) AA a T.EPSG
IF(AAGF.RR) Gfl Tfl 93
RTFMP a RR
IF((TGTBRB)sANn.((TeEPSG).LT.RR)) 98 a T-EPSG
IF(8R.LE.AA) GO TO 94
I a NEwcn(AA* ARP F8. RES# EPSGs SMIN)
JF(I*GT.I) WRITE (6.e 604)
RES3 a RFS3 + RFS

94 All a RTFMP
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GO TO 93
91 DO) a vl-PSG

IF(0.LEAA) GO TO 92
SMIN a (flDAA/2M0
1 2 NEWCn(AAv nb- F89 RES# EPSG# SP41N)
IF(I*GT.1) WFITE (6s 604)
RES3 a RES3 4- RES

92 CC a T*EPSA
IF(CC#GEBR) GO TO 93
SMIN a (RR-CC)/2100.O
I x NEWCO(CC, RR, FOP RES. EPSG. S'41N)
IF(I.GT.1) WRITE (6, 604)
RES3 a RES3 + RES

91 KK a KKe1
AA a RR
IrcKK*EQ.1) GO TO 90
00 778 KKx2,6
FK x KK-1
FK 8 0.04*FK*F(
RB a BETA + FK*(TtlRETA)
IF(eaLE.AA) GO TO 758
IF((T.GE*AA),AN09(T*LE*BB)) GO TO 95
IF((T.LT.AA).ANE).C(T,10.O.EPSG),GT.AA)) Go TO 96
IF(cT.GT.BR).AN0.ccT-lO.O*EPSG).LT.8B)) GO TO 9?
JF a

L AU(i) a AA
9Q AU(2) a RB

GE) TO) 106
9A JF u 2

AtJ(1) = AA
1F(CT+EPSG)*GT,46) AUCIM T*EPSG
AIJ(2) 8 T+11l.O*EPSG
!F(AUC2),LT.88) GO TO 98
JF aI
GO TO 99

9A AIJC3) u AU(?)
AU(4) a 88
GO TO 106

9? JF x 2
AtJC1) a AA
AUC2) m T-tO@0*EPSG
IF(AUC?),GT.AA) GO TO 100
JF aI
AtJ(2) a 813
IF((T-EPSG).LTa89) AU(?) * T-EPS,
GO TO 106

100 AijC3) aAU(2)
AU(4) a 88
IFCCT-EPSG).LT.RR) AU(4) a TwEPSG
GO TO 106

99 TmTE a T -10.0*EPSG

TME a T FPSG
TPE a T 4FPSG
TPTE 0 T + 10.0*EPSG
Ir(cTMTr.GT,AA).ANn.(TTE.LT.8R)) GO TO 102
IF(TME.LE.AA) Go TO 103
IF(THTE.LEAA) GO TO 104
IFCTPE.GE.Rg) GO TO l0S
JF a 3
AII(1) aAA
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AU(2) *TMTV

AU(3) AUP
AU(4 a TMF
AUC5) a TPF
AU(6) a 98
GO TO 106

10 JF a2
All(C1) x AA

AU(3) a AUM9

ALJ(4) a TME
GO TO 106

ri 104 JF a 3
At]( I) AA
AU(2) a THE
AtJ(3) a *
AU(4) 2 TPTE
AIJ(5) a AUJ(4)
AU(6 x BtH
GO Tli 106

101 JF x 2I AMii I TPE
AU(2) a TPTE
AUC(3) s ANi~
Aj( 4 ) x 88IGO TO 106

109 I () a Al

Atj(2) a TN'TE
AU(3) x AU(P)
AlJ(4 ) a T M V
AU(5) a TPF
AU(6) a TPTE
AtJU7)a AU(6)

10 CONTINIIF

c Ln THS 0TR7 EVALUATE H CAREFUALY FOR T NO SPCALY3IRT

WRTIT (e WRT36) 64
Jul x E3 F

10 OTINEa nL
AA x 47



GII(J) a 0.0
GIR(J) a GCFS(5)
GKR(J) w GSFSC5)
GKT(J) a in0.*ALOGC1.0,2.0'(DmvYS(T))/(FSQ*PL))
WRITE (6v 637) T'ECJ).(IR(J)GII(J).GKR(J).GKI(.1)
TINC a Oo1*(BETAOTE)
SHIN a TINC/2100.0
00 110 J*2.5
T 8 THECJ)
OCT a TEL*CnS(T)
DST a DEL*SIN(T)
XH a C1.0*RFTA~flCT)*(BETA.OCT-TA)h.OST*DST
YH a DST*(1.0fTA+2#0*(ETA+r)CT))
TEMP a SORT(XH*XH4YH*YH)
XJ a SORT(0.5*t XH+TEMP))
YJ = SQRT(O*5*(-XH*TEMP))
TEM a I.O+RETA+flCT
ONM x TEM*TFM + nST*DST
CORI a GZ*TEm/flNM
CnR2 a -GZ*DST/DNM
I 8 NEwcO(AI. A2o F9s RESI. EPS3o SMINI)
IF(I.GT.1) WRITE (A, 604)
I a NEwcO(A2p A8# F9. RES2. EPS3& SMIN4)
IFCI@GT,1) WRITE (6a 604)
I 2 NEWCn(A8. A3P F9. RES3. EP SHINt)
JE(I.GT.1) WRITE (6. 604)
I 0 NEWCO(A*. 45a FP RES4v EPS3# SMIN!)
IFCI*GTo1) WRITE (6. 604)
I 8 NEWCn(A5# A6# F9# REs5o EPS3# SMIN3)

;.(IGT.1) WRITE (6v 604)

I1 NEWCn(A1. A7, F99 RESI. EPS3# SHIN!)
IFCI*GT.I) WRITE (6t 604)

I x NEWCfl(A?. A2# F10.RESI# EPS3. SMIN4)
IF(x.GT.1) WRITE (6. 604)
I a NEWMflA2P A3. F10.RES3. EPS3t SHIN!)
IF(I.GT.1) WRITE (6p 604)
I 0 NEWcn(Age AS. FIO.REs3. EPS3o SMINI)
IF(I*GT.1) WRITE (6p 604)
I a NEWCfl(ASD AS* FIOPRES5. EPSI. SMIN3)
IF(I.GT.t) WRITE (6. 604)
1 0 NEWCn(AS# A6. F10.RES6. EPS3. SHIN3)
IF(I.GT.1) WRITE (6o 604)

TEMI wRESI+RES2+RFS3-RES4-RESS"RES6 + COR?
GIR(J) x -O,'5*(XJ*TEMR *YJ*TE'4I)/PI
GIT(J) m *0.5*(YJ*TEMR *XJ*TEMI)/PI

C FREE SURFACE TFRMS
RFS2 a 0.0
RES3 a 0.0
AA z BETA
flO 781 KKalI.oo
89 AA + TINC

I 9 NEWCO(AAo Rg Fli. RES# EPS2@ SHIN)
IF(I*GT.1) WRITE (6. 604)
RES2 a RFS? + RFS
I a NEwcn(AAP R9. F12. RES& EPS?. SMIN)
IE(I.GTl) WRITE (6p 604)
RES3 w RFS3 4 RS
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AA RR
781 CONTINUE

DO 780 KK87.6
FK a KK - I
FK a 0,04*FK*FX
8R u BETA + FK*(TIJ-IHETA)
IF(BRLF.AA) (fl TO 76n
SMIN3 a (BR-AA)/LI?00,0
I a NEWCO(AAP RB* 711. RES# EPS3# SMIN3)
IF(I.GT.1) WRITE (6o 604)
RES2 a RES? + RES
I sNEWCO(AAs AR& F12. RES. EPS3# SMIN3)
IF(I.GT.1) WRITE (6. 604)
RES3 a RES3 + RES
AA a 8B

760 CONTINUE
780 CONTINUJ7

GKR(j) a i0.5*(XJ*PES2 YJI*RES3)/Pl
GKI(J) w 00.'5*(XJI*RES3 + Y.J*RES2)/PI
WRITE (At 63?) THECJ).CuIR(.J).GII(J),GKR(J).GKI(,)

uln CONTINUE
J*6
GII(J) a 0.0
GIRUJ) a GCWU(6)

r GKR(J) a GSWIJ(6)
GKI(J) z 0.0
WRITE (6. 63?) THE(j).r1 IR(.j).G I (J).GKR(J).GKI(.J)

c ALL GRAVITY ARRAYS CflMPLFTE
C

GO TO 120
C

999 CONTINUE
STOP
ENn

REENTRANT FORI
NONREENTRAI

REAL FIINCTTnN F1C7)
C THIS FIINCT~riN COMPU1TES THE INTECRANU Fop THE PLATE LENGTH

COMMON TAoTflTFPLNSIGRETAoPI ,AL.STA, Tij.,IG
REAL LNSIG
SA a ((1.C4,2.0*Tn-TA)*F.(1.O'TA)*Trfl2.0*TA)/((FeTO))*(1.0aTA))
SR 8 ((1.0*e.0*TEinTA)*F+(l.0OTA)*TF?.O0*TA)/((TFnE)*(1.0*TA))
St a (1.O*(ARSIN(SA)4ARS!N(SI))/PI"*LNSIG*0.5
IF(IGGT.0) Sl a SI + GlUEF) + GIl;(E)
SA a TAinO.5*E*C1.OinTA).SQRT(TA*(TAE)*(1 .O4E))
71 a SA*FXP(iS)/(RETA-E)
RETURN
EN')
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REAL FIINCTION F2(E)
C THIS FIJNCTION COMPtuTES THE INTEGRANO. CALLEO IC. FO)R CL. Cn

COMMON TA.TO.TE.LNSIG.RETA.PI ,AL.STA.TJ. IG
REAL LNSIG
SA a Ccl .0,2.0*TO.TA)*ECI.0-TA)*TO4'290*TA)/((EhTD)*C1.OTA))
SR 8 ((1.0,?.0*TE-TA)*FCI.O.TA)*TE02.0*TA)/((TEaE)*(l.0*1A))
SI 8 (l.0+CARSIN(SA),ARSIN(S8))/Pl)*LNSIG*095
IF(IG.GT#0) St a St + GICCE) + GISCE)
SA a -TA+0.5*E*(l.OmTA,+SQRT(TA*(I.*E)*CTA-E))
F2 xSA*EXPCS1)/(RETA-E)
RETURN
END

REAL FUNCTION F3CE)
C COMPUTES X-INTEGRAND FOR CAVITY STREAMLINES

COMMON TAsTO.TEPLNSIG.RETAPPI.ALeSTATUIGF REAL LNSIG
COMMON /C5/ To FSFACPOPFSQ.PL
TS x 1.0
Ir(EoLTs0*0) TS a 1.0O
IF(gTT)O,(eT(IO) GO TO 1
52 a 00
IF(E*EQ.( a1*0)) R6 x 0.5*1rI
IF(E*EO.TA) R6 a 0.0
GO TO 2

1 RI a S)RT(E"TA)/CI.0+E))
R2 a SORT((TE-TA)/(l.0,TE))
RI x 1.0/RI
R4 a SQRT(1.O+TD)/(TO-TA))
RS ALnGC(R2+RI)/(TS*(R2-RI))) 0 ALoG((R3*R4)/(TS*(R3oRA)))

S2 a 0.'5*LNSIG*R5/PI
R6 a ATANCRI/STA)

)P Z* SPAL-PI+P.0*R6
IF(IG.GT.0) ZI a Z1 + G2C(F) + G2S(E)
R7 a Cns(ZY,*E/(RETA-E)
IFCIGoGT*O) R? a R7/StRTCIO-YC(E)*FSFAC)
F3 a R7
RETURN
ENn

REAL FUNCTION F4(E)
C COMPUTES Y-INTFGRANn FOR CAVITY STREAMLINES

COMMON TA.TD.TF.LNSIGRETAsPI AL.STA.TIJ.IG
REAL INSIG
COMMON /CS/ To FSFAC.o.FSQPPL
TS a I1.o
IF(EeLT.09O) TS a nl.0
IFC(E.GT.TA)*OR.(E.LT.C1t.0))) GO TO I
S? a 0.0
IF(EaE0*(t1.0)) R6 a O**PT
IF(E*Fn.TA) R6 a 0.0
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U ~.GO TO'
1 RI SQRT((E-TA)/(1.O.E))

R2 a SQRT(CTE-TA)/(1.O4TE))
R 3 a 1.0/RI
R4 a SORT((I*0+TD)/(TD-TA))
R5 x ALnGC(R2+R1)/(TS*(R2-Ri))) ALOG((R3+R4)/CTS*(R3-RI)))
S2 = O.5*LNSIG*R5/PI
R6 a ATAN(RI/STA)

P Zr a SP+AL-PI+2,O*R6
IF(IG.GTO') Zr a Z'T + G2C(E) + G2Sf:,
R7 u "SINCZI)*F/(RFTAOF)
IF(IGGT.O) R7 a R7/SGRT(I.O-YC(E)*FSFAC)
F4 a R7
RETURN
ENI)

REAL FONCTION F5(E) AESNDFESRAC
C COMPUTES X-TNTVGRAND ON WKSADFE UFC

COMMON TA.TDTF.LNSIG.RETA*PIPALSTATIJ. IG
REAL LNJSIG
COMMON /C5/ To FSFAC#O.FSOPPL
RI x SQRT(ETA)/(Is0*F))
R2 *SQRTUTE-TA)/(1.0.TE))
R 3 x 1.0/RI

R4 x SORTC(IoO+Tfl)/(TO-TA))
R5 x ALfG((R+R2)/(R1OR2)) - ALOGC(..34R4)/(R3inR4))
R6 a ATAN(RI/STA)I GAM *0.5*RS*LNSIG/PI *AL-P'2.0*R6
IF(IGoGT.O) GAM vGAM + G3C(E) + GIS(E)
R7 a CnSCGAM)*E/(RETAwE)
IF( E oG T .RE TA ) Ri 7 R 7/ S QRT (I s0 + 2 90 no YSCE CS P L)

FS a R7
RE TURN
END

REAL FIINCTION F6(E)
c COMPUTES Y-TNTEGRAND ON WAKES AND FREE SURFACE

CnMMON TATf).TFPLNSIGqETAePI.AL.sTATJ.IG
REAL LNSIG
COMMON /C5/ To F5FACtD.VSt~.PL
RI x SqRT((E-TA)/(I@0.F))
R2 a SORTUiTETA)/(1.O.TE))
R3 a I.O/Rt
R4~ a SQRT(UI.0.TD)/(TOTA))
R5 x ALfGC(Rl*Q?)/(RI0R2)) - ALOG((R3*R4)/(R3-R4))
R6 a ATAN(PI/STA)
GAM 8 O.5*R5*LNSIG/PI *AL-PI+2.0*R4
!V(!G.GT.0) GAM a G1AM + G3C(E) + G3S(E)
R? x OSTN(GAM)*F/(RETA-E)
IF(EtGT.RETA) R7 R?/SQRTCI.O.2.0*(fl*YS(E))/CrSQ.PL))[ F6 a R7
RETURN



END

etggee####eg####giug##g##g#######ggg#####g#ge####g######## ######dl

INTEGER FUNCTInN NEWCn(ABRFUNCTRESULT.TOLERSTEP)
CO*000000**0*0000*000000000000000000000000000000000000000000000000000000

C**0000000***00000000000000000000000000000000000000000000000000000000**

Co *
C* THIS FUNCTION SUBPROGRAM INTEGRATES A FUNCTION BETWEEN THE *
C, RETWEEN GIVEN LIMITS USING THE NEWTON-COTES FIVE POINT FORMULA *
C* (SEE HILDERRAN, INTRODUCTION TO NUMERICAL ANALYSIS# MC GRAw *
C* HILL' P71 AND FF). THE INTFGRATION IS PERFORMED BY BREAKING *
C, THE INTERVAL INTn SUCCESSIVELY SMALLER SUBINTERVALS AND o

C* INTEGRATING EACH USING THE REFERENCE FORMULA* THE SUBPROGRAM *
C* RETURNS WHEN THE PFRCENT DIFFERENCE BETWEEN THE RESULTS FRnM TWO *
vo ADJACENT ITERATIONS IS LESS THAN A STATED TOLERENCE OR THM *
C, INTERVAL WIDTH IS LESS THAN A GIVEN MINIMUM.
C, THE CALL IS *
C* I a NEWCO(APRFUNCTPRESULT.TOLER*STEP) WHERE *
C* A IS THE LOWER BOUND OF INTEGRATION *
C, R IS THE UPPER BOUND OF INTEGRATION *
C, FINCT IS THE FUNCTION TO BE INTEGRATED 0

C, RESULT IS THE VALUE OF THE INTEGRAL 0
C* TOLER IS THE ACCURACY DESIRED (SEE ABOVE) *
C* STEP Is THE MINIMUM ALLOWABLE STEP (SEE ABOVE)
C, *
C, I IS SET EQUAL TO *
C* I IF THE RESULT RETURNFD WITHIN THE TOLERENCE 0

C, 2 IF THF MINIMUM STEP WAS EXCEEDED 0

C* 0

C, IN ROTH CASES RESULT CONTAIN THE VALUE OF THE INTEGRAL TO 0
Co THAT POINT, 0

C*
;,(*00*et* * * 0* 00 * *ee0e00* * 00* 00000* 0* 0 * * * 00 * 00000000000000000000

AMR B - A
IF(AMBEQO,0) GO TO 101

CoOO*0000*000**00**000000000000**0*00000000000*0000000000000000000000***

C* INITIALIZE ITERATION 0

ODDOLD a FIINCT((A+R)/2,0)
EVENS *(FUNCT(A)+FIJNCT(R))/2o0 * ODDOLD
NN =2

1 H2u AMR/FLnAT( NN)
X 9 A + H2/2?0
SUM a 0.0

Co ADD UP ODD TERMS 0

DO 2 1 a IeNN
SliM a SUM • FUNCT(Y)

2 Xe X+ H?
DOONEW a 2,*SIJM/FI.OAT(NN)

C****00*0********Oo**OO***0000000*000000*0***************************
C* COMPUTE RESlILT a (7*EVEN TERMS OLD OD TERMS + 16*NEw ODD 0
C, TERMS)/45 a
C, SUM (2H(TFf+32FE+1tF2+l2F3+7F4)/45 OVER ALL INTERVALS
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ANSWER aAMR*(?o0*EVENS *ODDOLD *16*0* ODDNEW)/45,0
IF(ANSWFRFo.0,0) 60 TO 1o1
IF(NNsEQ*2) GO TO 3

C* COMPARE C(IRRFNT RESULT WITH OLD RESULT AND RETURN IF WITHIN
C* TOLERANCE ELSF DIVIDE INTO NEW INTERVALS AND ITERATE

IF(ABS(ANSWEReRSIILT)/RESIILT).LE.TOLER) Ga TO 100
3 RESULT a ANSWER

NN aNN 2
EVENS ( EVENS+ aOlNEW)/2.0

ODDOLr) Of)ONEW/2*O
IF(ABS(L42)*GT*STEP) GO TO) I
NEWCO 22

RET URN
101 RESULT a 0.0

jL 1O NEWCO a I
RET URN
ENO

FUNCTInN ARGZ(W*Y)
C COMPUTES ARGUMENT OF ZxX+IYP -PI.LT#ARG*LE*PI

IF(X) 192P3
1 ARGZ x ATAN(Y/X)

RETURN
PTF(Y) 4p5#6

4~ ARGZ 2-1.57079633
RETURN

S ARGZ x 0.0
RETURN

A ARGZ a 1957n?9633
RETUJRN

I IF(Y*GE,0.0) ARGZ a 304~1592654 + ATAN(Y/X)
IF(Y.LT,0.0) ARGZ a-3,1415926541 + ATAN(Y/X)
RETURN
END

REAL FllNCTION YARC(X
C COMPUTES X-ARC TNTFGRAND

COMMON TA.Tfl.TFPLNSIG.RETA.PI .AL.STA.Tu, IG
REAL INSIG
COMMON /C1/ DELP. R7# R4
ZZX
CALL ARC(Ze ZR. 71)
A a CRFTA~flFL*COS(7))*SIN(7T) - OEL*SIN(Z)*COS(7I)
XARC a A/EYP(ZR)
RE TURN
END)
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REAL EIJNCTTON YARC(X
C COMPUTES Y-ARC INTEGRANO

COMMON TAoTn.TF.LNSIG.RETAPPIPALSTATI. IG
REAL INSIG
COMMON /CII DELP R7* R4
ZSx
CALL ARC(Z. ZR. ZI)
A a CRETA+DEL*COS(?))*COS(ZI) n EL*SIN(Z)*SIN(ZI)
YARC a A/EXP(ZR)
RETURN
END

SURROUJTINE ARC(Xo ZR. ZI)
COMMON TA.Tfl.TEPLNSIGoRETA.PIPAL.STAPTII. IGI REAL LNSIG
COMMON /CI/ DELP R7P R4
DC a OEL*CO)S(X)
OS a DEL*STN(X)
XA x RETA-TA+OC

XH a FTA~t.o+nC

YA a OSIXDNM a XR*X8 + YA*YA
XC a CXA*XRYA*YA)/XDNM
YC a YA*CXR-XA)/XnNM
SC a 0,5*St4RT(XC*XC + YC*YC)
XD u SORT( 0,5*XC, SC)
YD a SORT(fl.5*XC+ SC)
IF(YC*LT*0.fl) XD a mX0
XDNM = XA*XA+YA*YA
XE a (XA*XR+YA*YA)/XDN4
YE a YA*(XA.XR)/XDNM
SE a 0.5*SORT(XE*XF+YE*YE)
XE a SORT( O.5*XE +SE)
YE a SORTC-0.5*XF + SE)
IE(YEeLTs0*O) XF a -XF
XG a Xfl/STA
YG a Yn/STA
TI 0 0*9*(ALI1G(XG*XG+(t@O+YG)**2) m ALnGCXG*XG+(1.OOYG)**2))
TR 2 - ARG7CXG#(ttn4YG)) + ARGZC-XG(i.IoOYG))
XH a XR*XA a YA*YA
Yf4 a YA*(XA+Xg)
SH' a 0.i*SQRTCXH*XH + YH*YH)
XJ 2SORT( o.5*XH + SH)
YJ a SORT(-OS*XH + SH)
IF(YH.LT.0On) YJ a *XJ

C DETERMINE G3C HERE
G3CR a 0.0
!E(IG*GT*O) 63CR a GIRT(X
G3CI a 0.0
IF(IGGT.O) G3Ci a GIIi(X)

C
C DETERMINE G3S WERE

G35R a 0.0
IF(IG.6T*0) G3SR 8 GKRI(X)
G3S1 a 0.0
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FIF(IG.GT.O) (13S! GK2X
t C

X I a XD) 4 R?
X2 x Xfl R
X3 a XF + R4
X4I x XF - R
SR x ALnG(Xt*Xi.Yn*YD) -ALnG(X2*X?+YO*Yn) ALnG(X3*X3,YF*YF)4
IALnG(X4*X4#YF*YF)
SR a 0.?5*LNSlq*SR/PI
ST a 0.5*LNSTG*(ARGZCXl&YD) ARGZCX?.YD) *ARGZ(X3*YF) *ARGZ(X4p

IYF) )/PT
ZR a -5 -TT 03CI -G3S1
ZI a %R +At. -PT *TR *GICR *G3SR
RE T URN
ENIn

REAL FUNCTION YC(X)
COMMON TA TnoTF.LNSIG.RETAoPIAL.STATIJ.IG
RFAL LNSIG
COMMON /C2/ TLC.p TlICi YLCP YUC
DIMENSION TLC( 100) TUCC 100),YLC( 100).YUC(lflO)
COMMON /C3/ ENLCEPNJCPENFsoNLCPNIJCoNFS
IF(X) 101#2

C GIVES YCCX) FOR Y.LEo-l@0
1 J 8 1.0 + t1.O+X)*FNLC/(1.0,TD)

IFCJ*GF*NLC .JxNLr-l
YC aYLC(J' + (X.TL-C(J))*(YLC(J+t)-YLC(J))/(TLC(J+t).TLCCJ))
RETURN

U' GIVES YC(X) FOR X*GE*TA
2 IF(XoGT.(3*0*TA)) GO TO 3
J a 1.0 + 2,5*(X/TA - 1.0)
GO TO 4

I i x .6#0+.0* TA* U-9)/T0**A

!F(JoGF.NUC) IuNIJCI
4 YC a yIJC'(J) + (X-TIIC(J))*(YICJ.1).YIJC(J))/(TUC(J.1)OTIJC(J))

RETURN
END

REAL FIuNCTION YS(X)
COMMON TATnTFoLNSIG.RETA~pI .ALSTATIJ. IG
REAL L;45,G
COMMON /Cl/ nFL# R?. R4
COMMON /C.3/ ENLCPFNIJC*FNFSONLCPNUC. NFS
COMMON /C4/ TFs, YFS

L DIMENSION TFS(100)*YFS(100)
COMMON /C5/ T# FSFACvflFSQPPL
!FCX.GT.TFS(5)) GO TO?2
J a 10.0*(Y.RETA)/(RETA-TE)
IF(J.LT.1) GO TO 4
GO TO I

2 J 8.l So C FNFS-4oO0' ((x"TFS(5))/(TIJ-RRETAOFL))**0.333333
IF(J.GE.NFS) IuNFS-1
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I YS aY!S(J) + (X-TFS(J))*CYFS(J*1).wYFSCJ))/CTFS(J*1)*TFS(J))
RETURN

4 YS a fl + (X-RETA )*CYFS(1).O)/CTFS1)"BETA)
RETURN
END

REAL FUNCTION V7'CX)
C INTEGRAND FOR A~C(T)

COMMON TA.TD.TELNSIGAETA,PI.AL9 STA,TUIG
REAL LNSIG
COMMON /C5/ To FSFACPO#FSQ*PL
A 8 ALOGC1.0-YCCX)*FSFAC)
B 2 (X-T)*SGRTCC.on+x)*(X-TA))
F? a A/8
RETURN
END

REAL FUNCTION F8CX)
C INTEGRANn FOR GS(T)

COMMON TA.TnoTF.LNSTG.RETAPPIPAL.STA.TU, IG
REAL LNSIG
COMMON /CS/ To FSFACO#FSQPPL
A 8 ALnlis(1.02*Cflys(X))/CFSQ*PL))
B 2 (XOT).sORT(1.4X')*(XQTA))
F8 a A/9
RETURN
END

REAL FluNCTION GICCY)
COMMON /C6/ TCF, GCFv (iSF
DIMENSION TCF(11 ).(CF(11)#GSF(11)

IF(JGT,1O) Jute)
GIC a (iCF(.i) + (GCF(J+t)-GCF(J))*(XUTCF(J))/(TCF(J*1)OTCF(J))
RETURN
END

REAL FIJNCTTr1N (15(Y)
COMMON /C6/ TCF. GtoF ASF
DIMENSION TCF( 11) j(CF 11)PG(SFC 11)

431,G.0) iso'x1O(TFI)1)

GIS a ASF(J) + GSF(J*In.GSF(J)U.YTCVJ))(TCF(J.1.TCFtJ))
RETURN
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END

REAL FlJHCTyON (iPC(W
COMMON TA.Tfl.TF.LNSIG.RETAPI ,ALPSTA.TIJ. IG
REAL LNSIG
COMMON /C7/ G2CtU.GPSU*G2CLoG2SL
DIMENSION G0?CIJ( 10).G2SU( 100),G2CLC100) ,G2SL( 100)
COMMON /C2/ TLCP TI0C* YLCP YUC
ODIMENSTnN TLC( 100).TtJC(100),o'LCC10l),yUCC100)
COMMON /C 3/ ENLC .ENkC#ENFSoNLC *NUC .NFS
IF(X,LT.0,0) Gn Tn 2

C UPPER CAVITY RnllNnARY
IF(XGT,(3,0*TA)) An Tn 3
J a 1.0 + 7,5*(X/TA - 1.0)
GO TO 4

1 J a 6,0 + Cx-3.0*A)*(ENUC5.0O)/(TF03.0*TA)
IF(J,.GE.NUC) JzNIJCml

4 G2C a G2CU(,j)+(xwTIIC(Jfl*CG?CU(J41)-G2CU(J))/CTIJC(J*1)NTUC(J))
RETURN

C LOWER CAVITY RflUNlAIRY
P J x 1,0 + (1,0,X)*rNLC/(1.OTO)

IF(J*GF*NLC) JwNLCIj
G2C 8 G?CL(,j)+(-TLC(,J))*(G2CLCJ*)G2CL(J))/(TLCJ*1)oTLC(J))
RET URN
ENn

REAL FIJNCT~nN G2SU)
COMMON TAPTDTF.LNSIG.RETA.PI.ALSTATJ, TO
REAL LNS!G
COMMON /C?/ G2CljvGPSUsG2CLoG2SL
DIMENSION A2C(U(I00).G2SU( l00),G2CL( l00),GSL(100)
C(rmmnN /C2/ TLC. TlICo YLC# YUC
DIMENSInN TLC( 100).TUCC 100) ,YLC( 100 ),Y'JC( 100)
COMMON /C3/ ENLCoENIJC&FNFS.NLC.NUCPNFS
IF(X.LT.0.0) GO TO 2

C UPPER CAVITY RnijNnARY
IF(XGT,(3,0*TA)) An TI' 3
J 2 1*0 + P.5*(X/TA 0 s)
GOl TO 4

I J 6.0 + (X-3.0*TA)*(F'NJC-S.0O)/(TF-3.0*TA)

IF(J.GF:.NUC) JNNIJC-1[I4 G25 2 G2SJ.)((TJ~)*G)I(+ )OGSIJCJ))/(TIIC(J*1 )-TtjC(J))
LOWER CAVITY ROiINnaNY
i a 1.0 + c1,O*X)*FNLC/(l.,+T0)
IF(J*GF.NLC) JoNLCint
GS a i?SL( 1j)+( x-TI.C( j) )*( G2SLC j1l )-G2SL( j) )/( TLC( j1l )-TLC( j))
R F TURN
ENfl
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REAL FIINCTTON G3CCX)
§ COMMON TA.TflTF.LNSIG.RETAPPI, ALPSTA.TU, 16

REAL INSIG
COMMON /C3/ ENLCPFNUCPFNFSNLCo*NUC. NFS
COMMnN /C4/ TFSo Yrs
DIMENSinN TFSCIOO)PYFSCIOO)
COMMON /C8/ WLPWli.6CWUPGSW(U.GCWL#GSWL
DIMENSInN WLC? ).WI!( 10 ).GC WUCIO )GSWdU(10).GCWL(20).GSWLC2O)
COMMON /C9/ JWLM
COMMON /CIO/ GCFS. GSFS
DIMENSInN rCFS(IOO)v GSFScloo)
IFCX.LT.0,O) 40 TO 2
IFCXoGT9BETA) GO TO 3

C UPPER WAKE
J s 1.0 + tO0'*(-TE)/(BETAmTE)
IF(JGT,9) Ja9
G3C a GCWUC.J) + (XWWtJCJI))*CGCWUI(J4t)-GCWUCJ))/(WU(J+l)OWU(j)))
RETURN

C LOWER WAKE

IF(X.GT.WL(JWLM)) GO TOI J a JWLM
GO TO 6

5 IF((X.LE.WL(J)').ANn.(X.GT.WLCJ.1))) GO TO 4

GO TO 5
4 IFCJoGE.JWLM) j a JWLM a 1
6 G3C a GCWLCJ) + (X-WLCJ))*CGCWLcJ*1)-GCWL(J))/(WLJ.1)OWLcJ))

RETURN
c FREE SURFACE

3 IF(X,LT.TFS(5)) GO TO 7
Jo5.o + (ENFS'I.0)*((X-TFS(5))/CTFS(NFS)-TFSC5) ) )*0933333333
IF(J*GE.NFS) J8NFS~l
GO TO 8

7 1J 1OO*(X-HETA)/(BETAaTE)
A G3C a (CFS(J) *(GCFS(.I+1)GCFSCJ))*cX-TFS(J))/CTFS(J*1)-TFS(J))

RETURN
ENn

REAL FUNCTION G3S(X)
COMMON TA.TO. TFPLNSIG.RETAoPI.AL.STATI. 16
REAL LNS!G
COMMON /C3/ ENIC*ENUCoENFSoNLCPNUCPNFS
COMMON /C4/ TFSP YFS
DIMENSION TFS(100)tYFS(100)
COMMON /C8/ WL&.W~i.GCWUoGSWliGCWLaGSWL
DIMENSION WL(20).WICIO),GCWJ( 10).GSWU(10).GCWLC?O).GSWL(20)
COMMON /C9/ JWLM
COMMON /CIn/ GCFSo CSFS
DIMENSION GCFS(I00V, GSFS(100)
IF(X,LT.O.n) GO TO 2
IFCXGTRETA) GO TO) 3

e- UPPER WAKE
J *1.0 + !.*CX-TE)/(RETA-TE)
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IF(J*GT,9) Jag
G3S x GSWIJ(j) + ( X-WU( J))*(SWII( J41)-GSWII( A))/ (iJ+ I)-WeUcJ))
RETURN

C LOWER WAK~E

IFCX*GT,WLUWLmfl GO TO] 5
J v JWt?4 1
GO TO 6

5 IF((XoLF.WL(J)).ANn.(X.GT.WL(J.I))) GO TO 4

GO TO 5
4 IF(J*GE.JWLM) J x JWLM 0 1
6 (j3S a GSWL(j) 4 (X-WL(,j))*(GSWL(J41)-GSwL(J))/(WL(J41)-WL(J))

RF:TURN
C FREE SIJRFACF

3 IF(X*LT.TFS(5)) GO TO 7
Jz*I + (ENF.S4.0)*( (X-TFS(5))/(TFS(NFS)-TFS(5)))*0.o33333333
IFCJ.GF*NFS) JNNFS*I
GO TO 8

7 J a IO.fl*(X-A.ETA)/(RETAmTE)
A G3S a GSFS(,j) + (GSFS(,i+1ViGSFS(J))*(XiTFS(j))/(TFS(J41)W1FS(J))

RFTURN
ENn

RFAL FIJNCTYON Fg(XI
COMMON TAoTflTF.LNS1GIPETAPIALPSTATiI 1
REAL INSIG
COMMON /cI/ nEL. RPP R4
COMMON /C5/ To FSFAConoFS(~.PL
A 2 ALnG(1.o-YC(X)*FSFAC)
8 x X-RETAmEL*cOsCT)
c a nEL*SIN(!)
E 8 /(R*R+C*C)
8 SORT((t.O+X)*(Y-TA,)
F9 2 A*E/R
RETURN
END

REAL FIINCT~r)N FIO(Y)
COmMON TAeTfl.Tr.LNS1G~fETAePIOAL.STAT,, It;
RFAL LNSIG
cnmmnN fCl/ flt.o R.;'o R4
COmmON /C5/ TO FSFACpfl.FSQoPL
A 8 ALI1G(1laYr.X)*FSFAC)
8 a xoqFTA.DEL*CnS(T)
c m nOl.*SINCT)
E C/(4*8+C*C)
As S(ORT((If,Y).(Y.-TA))
FtC) x A*E/A
RETURN
EN0
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REAL FUINCTION 711(X
COMMON TA.Tn0TF.LNSTG, RETAPPI.AL.STATII, IG
REAL LNS!G
COMMON /CI/ nEL. RPP R4
COMMON /C5/ To FSrACPDPFSgoPL
A 8 ALOG( I .O2.O*Cf.ys(x) )/(FSQ*PL )
8 a XwRETA-OEL*COS(T)
C a DEL*SIN(T)
E 6 B/CR*B+C*C)
9 a SORT((I,04X)*(X-TA))
F I1 *E
RETURN

REAL FUJNCTION F!2(X)
COMMON TA.TO',TF0LNSIGRETAoPIUALSTATU. !'
REAL INSIG
COMMON /CI/ DEL# R2o R4
COMMON /C5/ To rSFACP,.)sFSO.4t
A 2ALnG( 1.O,2.O*(nSYSZX))/(FSQ*PL))
8 8 X-RETA-EL*COSCT)
C a OEL*SINCT)
E a C/(R*B+C*C)
89a SGR1((lO.X)*(X-TA)
F 12 x *E
RETURN
END

REAL FUJNCTION GTRI(X)
COMMON /CII/ G!RFGTIG,(RPGKIPTHE
DIMENSION GI(jyC),flT (6),GKR(6).GKI(6) iTHECA)
J 21.0 * 5e0*x/391415Q2(.54
IF(JGTS) --5
GIRl a GIR(: '4 (GTR(j.1)-GTR(,j))*(X.THE(j))/O.6283l853CP
RETURN
r.Nn

REAL FlijN.TTflN GTII(X)
CnMMnN /ClI/ (TR#GTI.(KP.,GKIPTHE
DIMENSION GIIR(6S). *I ( ') KR( 6) *AKI(6) P TOE(h)
J 8 1.0 + 5.O*X/3*14159?654
IF(J*GT.5) j='5
GTTl s GII(j) + (GTI(J.1)-GI(J))6(XTHEJ))/O,,,2831853o8
RET URN
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END)

REAL FIINCT~rIN KRI(X)
COIMMON /CII/ GTRCuIIGKR&GKT.THE
DIMENSION GITR(6).OT t(6)'OKR(6) .GK!C6)PTHE(6)
J4 1.0 + S,0*)CI3*141592654

IF(JGT.5) J=5

II GKRI a GKRCJ) *(GKR(J+1).(;IR(J))*(X-THE(J))/0.6283185308

REF( TinN ja5 (X
GK!I* G!(j *Cl ((KPT(J41)CKI(P)*XTHEJ)/.28150
RIEUNSINGR6*T()GR6*K()TE

REALURNTYNF3)

C UJSED IN COMPJTTI( 42G
COMMON TAPTI),TF.LNSTG.RETAoPI .AL.STA.TII. If
RFAL LNSIG
CfI;iMOf, /C5/ To FSFACD#FSQDPL
A aALfGI.0YC(X)*FSFAC)
8N Sqg'T( (1 0+)()*( X-TA I)
'P13 x AIR
RETURN
ENO,

REAL FUINCTIOlN F14())
t JcsEU IN cflmPIJT'NG R?G
COMMON TAPTfl.TFPLNS!G.RETA.PI .ALtSTATIJ. iG
REAL LNSIG
cflmHON !'C5/ To F.SFAC#D#FSQPL
A a4LflC( I .02.0*(fSysCx) )/(FSfO*PL))

RET uRN
FNn



NUMRER OF ERRORS nETECT.D a 0000, NUMBER OF CARDS o 0s1r,
COMPILATION TIME a 00061 SECONDS ELAPSED, 00028.16 SECONDS PROCESSIN

02 STACK SI7E a 00061 WrJRDSo FILESIZE a 00140 WnROS.
TOTAL PRGRAM CODE a 05101 WORDS, ARRAY STORAGE a 01941 WOR)S

NUMRER Or PROGRAM SFGMENTS w 0043a NHiJER rF DISK SEGMENTS 3 00001.
ESTIMATEn CnRF S-TORAGE REQUIREMENT • 4404 WORDS.
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Figure 2. The Complex Potential Plane
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Figure 3. The t-plane
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